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THE ARTHUR KEITH VOLUME 
OF 
THE JOURNAL OF ANATOMY 


WE DEDICATE VOLUME LXIX OF THE JOURNAL OF ANATOMY 
TO 


SIR ARTHUR KEITH—A BELOVED MASTER OF 
BRITISH ANATOMY 


‘Tue Editorial Committee desires to express its deep appreciation of the 
devoted and unselfish services Sir Arthur Keith has rendered not only to the 
Journal in his capacity as Acting-Editor during the past seventeen years but 
to anatomical science as a whole. 

Elected a member of the Anatomical Society more than forty years ago, 
Sir Arthur Keith has gained the confidence, esteem and affection of the 
entire body of British Anatomists. As a teacher in the London Hospital 
Medical School, his vivid personality impressed itself on successive generations 
of medical students and no one who has passed through his hands can fail to 
realise that Anatomy is no mere mass of technical detail but a living subject, 
and a branch of biological science, worthy of pursuit for its own sake. 

On his translation to the Royal College of Surgeons as Conservator of the 
Museum in 1908, his room there became a Mecca for anatomists from all parts 
of the world who wished to obtain his help and advice and to study the great 
collections under his care. In this way, as well as by his published work, he 
has exercised a profound influence on the progress of anatomical knowledge in 
all its branches and more especially in the fields of physical anthropology and 
human palaeontology. 

In 1916 the Journal of Anatomy became the property and official organ of 
the Anatomical Society. An Editorial Committee with Sir Arthur Keith as 
Acting-Editor was appointed, and under these new auspices the first number 
of the Journal of Anatomy appeared in October 1917. Since that date the 
circulation of the Journal has increased beyond all expectation. This un- 
qualified success is overwhelmingly due to the indefatigable labours and skilful 
guidance of Sir Arthur Keith. 

; Although retired from his post as Conservator of the Museum of the 

Royal College of Surgeons, Sir Arthur Keith still maintains a deep interest 
in the affairs of the Anatomical Society and in the Journal. We wish him 
long life, good health and happiness in his well-earned retirement. 
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THE DUAL STRUCTURE OF THE NEOPALLIUM: 
ITS HISTORY AND SIGNIFICANCE 


By RAYMOND A. DART, M.Sc., M.D., Cu.M. 
Professor of Anatomy, University of the Witwatersrand, Johannesburg 


INTRODUCTION 


Even at the primitive stage of cerebral evolution represented by the reptilian 
fore-brain, considerable structural diversity of cortical pattern is already ap- 
’ parent. Despite the neurological investigations carried out during the present 
century, we are still far from understanding how that pattern arose and, until 
we have unravelled the reptilian pattern, the mammalian cortex will remain 
correspondingly obscure. 

Over a decade ago I was approaching this problem by a morphological 
study of the striate body (Dart, 1920). By force of circumstances these studies 
were interrupted until the present year, when, with Dr J. Gillman’s assistance, 
I was enabled to occupy several workers in my laboratory with the material 
for a more exhaustive analysis of the cortical areas in various South African 
Reptiles such as Agama, Zonurus, Gecko, Testudo, Chameleon, etc., by means 
of accurate maps. 

Extending the precedents of Campbell, Brodmann and others with 
Mammals we have been accumulating records of the fore-brain pattern in 
these Reptiles, after treating them according to the methods of Nissl and 
Cajal. The results of these investigations will appear in due course; but one 
particular outcome of the work is so novel in character and of such morpho- 
logical importance that it justifies the present preliminary communication. 

A neopallial primordium has been recognised in the reptilian fore-brain by 
all recent workers, and has been identified as that part of the brain which lies 
between the hippocampal and pyriform formations, and to which a special 
group of fibres (the forerunner of the internal capsule) penetrates from the 
thalamus by way of the corpus striatum. 

In order to understand the limits of the cortical areas in general and of 
this neopallial primordium in particular we plotted on graph paper projected 
views of the fore-brain from its several aspects. The figures used as illustra- 
tions here are copies of such projected views (see figs. 1, 2, 3 and 4). 

In general explanation of the figures it should be pointed out that there 
is considerable overlapping of adjacent cortical fields in Reptiles. Where such 
overlap occurs the borders of these areas are shown in interrupted lines, and 
the convention of lines or dots, used to represent the area, is thinned or 
decreased in size in the portion overlapped. Various names and homologies 
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have been suggested for the individual cortices represented in these diagrams; 
but I will not discuss them here because Mr Segal, one of the workers referred 
to, will give them special consideration in his memoir on the cortices of Agama 
nigricollis. He presents there the evidence for interpreting the areas according 
to the nomenclature adopted. 


FASCIA DENTATA 
HIPPOCAMPUS ||| PALLIAL PYRIFORM CORTEX PI 
SUBICULUM HIPPOCAMPI PALLIAL PYRIFORM CORTEX P2 


Fig. 1. Dorsal projection of fore-brain areas in Agama nigricollis. x 29. 


THE DUAL STRUCTURE OF NEOPALLIAL PRIMORDIA 


In the district interpolated between the hippocampal and pyriform forma- 
tions we discovered to our surprise not one homogeneous cyto-architectonic 
field but two primordial neopallial areas (para-pyriform and para-hippocampal 
respectively, of almost equivalent area), distinct from one another and from 
the other areas in cell structure and fibre connections (vide fig. 1). In fig. 1 
the lateral or para-pyriform neopallial primordium is seen overlapping the 
pyriform cortex, and is in turn overlapped by the medial or pura-hippocampal 
neopallial primordium. 

To find two neopallial rudiments, where we had anticipated only one, was 
so unexpected that I hesitated to draw any far-reaching inferences from the 
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conspicuous arrangements in Agama; until the regular presence of a similar 
duplication of neopallial primordia had been confirmed independently by 
Dr A. Galloway in Zonurus; by Dr J. Gillman in the gecko, Platydactylus 
bibroni; by Dr Gillman and Mr Segal in Mubuia striata, and Eremias lugubris; 
by Mr W. Girdwood in Chameleon vulgaris, and by Mr G. W. H. Schepers in 
Testudo geometrica. Subsequently an analysis of the literature showed that 
previous authors have unwittingly recognised corresponding areas in their 
descriptions of the reptilian fore-brain. 


FASCIA DENTATA SUBICULUM  HIPPOCAMPI 
== HIPPOCAMPUS PALLIAL PYRIFORM CORTEX PI 


Fig. 2. Dorsal projection of fore-brain areas in Chameleon vulgaris. x 29. 


Cartographic studies of this sort display a rather amazing variety in the 
disposition of the component fore-brain cortices in Reptiles. In the terrestrial 
Agama there is a general all-round development of the hippocampal and 
pyriform cortices and also of the neopallial primordia. Thus the fore-brain 
(fig. 1) assumes an elongated form in which each of the cortices shares. In 
the arboreal Chameleon, on the other hand, the hippocampal formation is 
restricted to the posterior two-thirds of the dorso-medial region (see fig. 2). 
The pyriform formation is tolerably expanded laterally; but the neopallial 
primordia are relatively very large. The elongated para-pyriform primordium 
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completely excludes the pyriform lobe from the dorsum in the anterior third 
and intrudes even on the medial margin of the brain. The para-hippocampal 
primordium meantime widens and extends downwards along the septal wall 
in front of the hippocampal formation. 

In the particular gecko depicted in fig. 8 a reversal of the chameleon 
arrangement is seen. In the antero-posteriorly and medio-laterally compressed 
and almost globular fore-brain of these innocuous, terrestrial and nocturnal 
lizards, the hippocampal formation is relatively gigantic and its lateral third 
(or subiculum) is almost entirely covered by the more medial portions (i.e. 
hippocampus and fascia dentata) of the formation. The pyriform formation 


PARA-HIPPOCAMPAL PRIMORDIUM 


PARA-PYRIFORM 
PRIMORDIUM / 


HIPPOCAMPAL FORMATION 


NX FASCIA DENTATA SUBICULUM HIPPOCAMPI 


HIPPOCAMPUS PALLIAL PYRIFORM CORTEX PI 
Fig. 3. Dorsal projection of fore-brain areas in Platydactylus bibroni. x 29. 


is of moderate extent, but the huge fascia dentata—which forms the whole 
anterior pole of the fore-brain—has carried, as it were, the medial or para- 
hippocampal neopallial rudiment around with it to the lateral aspect of the 
brain; so that it comes to lie, paradoxically enough, lateral to the lateral or 
para-pyriform primordium. It was only by the anchorage of the para-pyriform 
primordium between the pyriform and hippocampal cortices posteriorly, and 
the similar attachment of the para-hippocampal primordium to the hippo- 
campal structures anteriorly—as well as by the study of the fibre tracts— 
that Dr Gillman and I were able, after a couple of months’ mapping and study, 
to solve the riddle of the complex superimpositions this brain presents. In 
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certain parts two, and even three, cortical regions are overlapped by the middle 
(or hippocampus) component of the hippocampal formation, when viewed in 
projection from the dorsal aspect. 

No useful purpose can be served by describing in more detail the variations 
and modifications, which occur in the cortical districts in general and the 
neopallial rudiments in particular, of various lizards; nor will I attempt to 
describe their histological structure. My single intention has been to demon- 
strate briefly that the two neopallial primordia described are constant struc- 
tures and occupy definite areas in the reptilian fore-brain. But it will be 
profitable to discuss their usual topography, and to demonstrate that they 
both satisfy all the known criteria of neopallial architecture. 

For descriptive purposes it is simpler to consider the more generalised 
type, e.g. Agama. There the more lateral of the two primordia customarily 
occupies the position antero-medial to the pyriform formation and overlying 
the antero-lateral (neostriatal) portion of the striate body, a position which has 
been regarded hitherto as diagnostic of a primordium neopallii. I have termed 
it, from its topography, the para-pyriform primordium of the neopallium. Histo- 
logically, too, this para-pyriform primordium merges so gradually into the 
pyriform cortex postero-laterally, that it presents the appearance of having 
arisen from the antero-medial extremity of the pyriform cortex. It usually 
extends farther posteriorly than its companion primordium; and thus, its 
backward prolongation is the only cortex intervening between the pyriform 
and hippocampal formations in that region. The para-pyriform primordium 
is the destination of those thalamic fibres which, coming from the lateral fore- 
brain bundle, perforate the neostriatum (or hypopallium of Elliot Smith) and 
enter the primordium on its deep or striatal aspect, in the fashion recognised 
and described for the neopallium by De Lange, Crosby, Elliot Smith, Kappers 
and others. There is therefore no need to add to the proofs submitted by these 
observers of its neopallial nature. 

The more medial area, however, has not hitherto been recognised as being 
a distinct cortical element nor as being neopallial. It is not related to the 
neostriatal portion of the corpus striatum, nor is it connected by fibres with 
that portion of the striate body. Although it is a distinct cortical area, it 
seemed then, at first, illogical and a denial of well-established criteria to regard 
it as a neopallial rudiment. But actually it satisfies all the tests of neopallial 
architecture for it is a strip of cortex lying between the hippocampal and 
pyriform formations; stimulation of the region evokes muscular responses; 
and it receives a thalamic radiation which passes forwards not through the 
neostriatum on the lateral side but, strangely enough, through the palaeo- 
striatum on the medial side of the fore-brain. I have therefore termed it the 
para-hippocampal primordium of the neopallium. Because of the significance 
attaching to the recognition of this new element in the reptilian cortex. we will 
consider in detail how the criteria apply to the region in question, so that we 
may the better understand why it has been called neopallial. 
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In the first place it lies between the hippocampal and pyriform formations; 
its position is such that its medial border skirts the lateral and anterior margins 
of the three constituent parts (subiculum, hippocampus and fascia dentata) 
of the hippocampal formation; but the anterior portion of the area is so 
expanded, that it intrudes on to the medial aspect of the hemisphere in front 
of the hippocampal formation medially and into the base of the olfactory 
peduncle dorsally. The histological structure of the cortex traced backwards, 
merges almost imperceptibly into that of the area designated as subiculum 
(the general cortex of Johnston, Crosby and others). The cortex presents thereby 
the appearance of having arisen from the antero-lateral portion (or subiculum) 
of the hippocampal formation. The para-hippocampal primordium usually 
extends well in front of the para-pyriform primordium and completely separates 
it from the anterior extremity of the hippocampal formation and the septal 
region. Topographically therefore the cortical element must be regarded as 
neopallial and para-hippocampal. 

In the second place the cortical stimulation experiments, carried out by 
Bagley and Richter (1924) and by Bagley and Langworthy (1926) upon the 
crocodile, show that the para-hippocampal] primordium functions in a neo- 
pallial manner. These authors discovered that coordinated movements of the 
body, limbs and tail were elicited by simulating the whole of the region corre- 
sponding with that comprehénded in the para-pyriform and para-hippocampal 
primordia here described. In their attempt to correlate their experiments with 
Johnston and Crosby’s identification of the primordium they were disappointed 
to find that the excitable area did not coincide absolutely with any one definite 
eyto-architectonic field described by these authors; and were surprised that 
the area “‘extended from the mesial over the dorsal surface to the dorso-lateral 
border tapering almost to a point at its outer extremity.” 

It is clear from our maps that the experimenters were stimulating not one 
homogeneous, but two heterogeneous cyto-architectonic fields of which the 
para-hippocampal is the one which extends so far medially. It is the duplex 
nature of the neopallial primordium too which must be responsible for the 
two differing responses encountered on stimulating the medial and lateral 
parts. Stimulation of the mesodorsal part caused combined head and tail 
movements of a lashing character, while the outer portion of the area favoured 
movements of the legs as in walking. These differing responses will be referred 
to again at a later stage. In the second reported group of experiments it was 
rightly recognised that the excitable area included the anterior part of what 
Crosby calls the “general cortex,” i.e. the subiculum, and “extends mesially 
into the hippocampus.” The correspondence of the medial part of the ex- 
citable field with the para-hippocampal primordium described here is therefore 
absolute. 

The experimenters went further; they found that, when the flap of ex- 
citable cortex was elevated and reflected, so that it was attached to underlying 
structures only on its medial (or para-hippocampal) side, stimulation of this 
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medially attached flap gave the same reactions as those recorded in the normal 
brain. When the flap was attached only on its lateral (or para-pyriform) side, 
electrical stimulation gave no motor reaction at all. Moreover, while stimula- 
tion of the underlying corpus striatum (neostriatum) in both cases gave 
negative results, “stimulation of the medial wall gave results similar to those 
recorded after cortical stimulation, but usually with less current in accordance 
with the fact that the fibres from the convexity run down the mesial wall, 
fornix fashion.”” These experiments corroborate the appearances presented 
in our Cajal serial sections, that both the para-pyriform and para-hippocampal 


:PARA-HIPPOCAMPAL PRIMORDIUM 


SSSA 


NEOPALLIAL 
RADIATION 


PYRIFORM _| 


FORMATION 


Fig. 4. Medial projection of fore-brain areas in Agama nigricollis. x 29. 


primordia discharge their impulses medially through the most anterior portion 
of the “fornix” fibre system in Reptiles. The experiments, as a whole, prove 
that both the lateral and the medial (and more particularly the medial or 
para-hippocampal) primordia are neopallial in their functional response to 
stimuli. 

In the third place the para-hippocampal primordium, while not receiving 
fibres radiated through the corpus striatum by way of the lateral fore-brain 
bundle, does receive thalamic fibres and by this criterion also is to be regarded 
as neopallial. These fibres have been mapped in our series; they pass up by 
way of the medial fore-brain bundle (vide fig. 4); escape from the medial (or 
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palaeo-striatal) portion of the striate body at its antero-medial extremity; 
penetrate partially through, but chiefly anterior to the paraterminal body or 
septum; skirt up the medial wall of the hemisphere as a compact band anterior 
to the hippocampal formation; and enter the para-hippocampal primordium 
principally at its medial margin and on its anterior and superficial aspects. 
Their direction of approach is responsible neurobiotactically for “ pulling” the 
para-hippocampal primordium forwards and downwards toward the septum 
in front of the fascia dentata. 

This fibre tract corresponds in part with the “septo-mesencephalic tract” 
of Edinger and Wallenberg, and in part with the “olfactory bundle” of 
Zuckerkandl, or “septo-cortical fibre system” of various authors. The latter 
system is supposed by most comparative neurologists to link the septum with 
the hippocampal formation; but the main, if not the only, destination of its 
fibres is not the hippocampal formation but the more anteriorly-lying para- 
hippocampal primordium. 

It is natural that, having overlooked the separate existence and nature of 
the cortical area which we have termed the para-hippocampal primordium, 
observers should have imagined the fibre tracts in this vicinity to have been 
destined for the hippocampal formation. Despite the presence of a hippo- 
campus in anosmatic Mammals, these seemingly direct connections between 
lower olfactory centres and the hippocampal formation have been used to 
support the idea that the hippocampal formation is olfactory and receives 
afferent olfactory fibres on its medial aspect. I do not deny the existence of 
such septal olfacto-hippocampal connections in Reptiles and in Mammals but 
we have found little positive evidence of their presence in Agama. On the 
other hand, we found convincing proof that there is this ascending palaeo- 
striato-neopallial fibre tract lying anterior to the hippocampal formation (vide 
fig. 4). In explanation of the curious outline presented by the medial aspect 
of the brain in fig. 4, it must be stated that, in mapping, the dorsal border of 
the brain was regarded as a straight line. 

Cajal (1900-6) opposed the view that the hippocampal formation received 
afferent tracts from the medial side in Mammals; according to him they came 
in from the lateral side, from the posterior part of the pyriform lobe. He also 
definitely denied that Zuckerkandl’s bundle came from the olfactory cortex, 
and regarded the analogous, if not homologous, septal (or precommissural) fibre 
systems in Mammals as being two: “‘one descending and centrifugal from the 
gyrus fornicatus and forming the fornix longus of Forel and the other ascending 
and centripetal coming from the pedunculus cerebri and ending in the septum.” 
‘The tract running through the palaeostriatum to the para-hippocampal pri- 
mordium in Agama is apparently the reptilian homologue of Cajal’s tract. 
Le Gros Clark (1932-3) has shown experimentally that in Mammals, e.g. rats 
(Rodentia) and cats (Carnivora), the fibres proceeding forward from the anterior 
thalamic nuclei pass through the striatal formation under the caudate nucleus 
and at the level of the septal region turn abruptly medially and run along the 
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dorsal surface of the corpus callosum to reach the whole length of the cingular 
gyrus (fornicatus). 

Thus Cajal’s idea, that the ascending portion of the septal system ter- 
minated in and never transgressed beyond the septum, has been proved 
erroneous. His “descending” tract contains both descending and ascending 
fibres. It proceeds beyond the septum to a para-hippocampal pallium (i.e. 
the gyrus fornicatus) in Mammalia and to the corresponding (and apparently 
homologous) primordium we have called para-hippocampal in Sauropsida. 
There is no experimental proof as yet of the thalamic origin of this “septal” 
system in Reptiles, but the strictly homologous “septal” system in Birds, like 
that of Mammals, is known experimentally to be connected with the thalamus 
and with more posteriorly situated portions of the avian brain. Even in Fishes 
the corresponding, but not so highly evolved, septal region is also known to 
be directly linked with the thalamus and hypothalamus. Unless something 
fantastic has taken place in the reptilian brain the appearances in Cajal 
sections are reliable and the para-hippocampal cortex in Reptiles receives a 
thalamic radiation and, by this criterion also, justifies its title to be regarded 
as a neopallial primordium. 


THE DUAL STRUCTURE OF THE NEOPALLIUM 


Having recognised the dual nature of the primordium neopallii in Reptiles, 
it is important to examine from that standpoint the arrangement of the 
mammalian cerebral cortex. The existence of a double neopallial primordium 
in Reptiles emphasises a most important aspect of the aforementioned experi- 
mental investigations by Le Gros Clark and Boggon (1933) on the thalamus. 
They have proved in fact that the mammalian cortex is also dual in structure 
and function; although they seem to have overlooked the phylogenetic import 
of the discovery. 

They have shown that the cingular and arene cortices of the mammalian 
brain belong to a separate thalamo-cortical projection zone (from the anterior 
and dorso-medial thalamic nuclei) which we may call medial; whereas the 
remainder of the neopallium belongs to the thalamo-cortical projection zone of 
the ventral thalamic nucleus and the geniculate bodies, which may be called 
lateral. I designate the two zones in this fashion because the neopallial tracts 
projected from the lateral zone of the thalamus reach the cortex by passing 
through the lateral portion of the internal capsule, i.e. through its neostriatal 
or lateral fore-brain bundle portion. The neopallial tracts projected from the 
medial zone of the thalamus form “the most medial fibres of the internal 
capsule” and are in close topographical relation to the septal region near the 
medial surface of the hemisphere. They therefore utilise the more ancient 
pallidal or palaeostriatal pathway of the medial fore-brain bundle portion 
(vide Dart, 1925). 

In the mammalian brain the shisdennaienahbiiia and cortico-thalamic systems 
of both zones have increased to such an extent, as almost to obliterate any 
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appearance of division between these ancestrally distinct, lateral and medial 
fore-brain bundle systems. Their divergent destinations in the thalamus, how- 
ever, exhibit the duality of the mammalian neopallium, and throw into relief 
the reality of the distinctions which, I am of the opinion, should be drawn 
between the para-hippocampal (or cingular and prefrontal cortices) moiety of 
the neopallium, on the one hand, and the para-pyriform (or the remainder of 
the neopallium) moiety on the other. 

It may seem bold to extend the terms para-hippocampal and para-pyriform 
in this fashion to embrace such heterogeneous cortical formations in Mammals; 
and to hypothesise, as I am doing, that the respective primordia, so named 
in Reptiles, are ancestrally related to these two major subdivisions of the 
mammalian neopallium. No greater leap of the imagination, however, is de- 
manded by this conception, than by the original suggestion that a homologue 
of the whole mammalian neopallium is present in the reptilian primordium. 
Indeed, this conception confirms, while it expands that earlier, valid and 
generally accepted hypothesis. 

Significant, as illustrating the value of this hypothesis of a dual mammalian 
neopallium, are the studies of Shellshear (1929) on the mammalian cerebral 
blood supply. Because the greater part of the neopallium in the monotreme 
Echidna aculeata (i.e. the spiny ant-eater) is supplied by branches from the 
posterior cerebral artery (or “hippocampal” artery of Reptiles), Shellshear 
suggested that this neopallium differs from the neopallium of other Mammals 
“in being to a great extent para-hippocampal in origin.” He similarly regards 
the cortex usually supplied by the middle cerebral artery (or “pyriform” 
artery of Reptiles) in Mammals as developing “in response to a differentiation 
of the general pallium on the pyriform side” and in short as para-pyriform. 
His terminology is extremely happy and I am glad to have been able to extend 
it in the manner previously indicated. Whether it will be possible finally to 
utilise blood-vascular supply to determine the limits of para-hippocampal and 
para-pyriform cortices in other Mammals in this fashion still remains to be 
demonstrated; but Shellshear’s idea was well conceived and receives abundant 
corroboration in the discoveries of the double primordium in Reptiles and the 
double neopallial projection system from the thalamus in Mammals. 

Morphologically, however, one of the chief advantages of recognising the 
structural duality of the reptilian neopallial primordium and the mammalian 
neopallium is that it enables us for the first time to understand the cortical 
arrangements in the avian fore-brain. The gap existing in our knowledge 
hitherto has rendered it confessedly impossible for investigators (e.g. Huber 
aud Crosby, 1929) to homologise the cortical arrangements in Birds with those 
of Reptiles and of Mammals. The filling of that gap demonstrates that Craigie’s 
(1980) ‘‘neo-cortex”’ in the Kiwi is a genuine neopallial structure and corre- 
sponds with the para-hippocampal primordium in Reptiles. It corroborates 
Kappers’ (1921) idea that Edinger’s cortex medio-dorsalis in birds is “‘a sort 
of neopallium” and shows that his criteria, namely that this “neopallium” 
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was non-olfactory, and the source of a cortico-fugal fibre-system, were justifiable. 
The neopallial cortical apparatus of Birds, especially its para-hippocampal 
component, is more extensive, more highly laminated and more patently 
connected through the “septum” with the mid-brain than appears anywhere 
amongst Reptiles. 

I will not analyse the anatomy of the avian neopallial primordia at this 
juncture. They will be more advantageously discussed when the cartographic 
records of their distribution, which we are in the process of preparing, are 
concluded. Neopallial primordia are present in Birds and can now be homo- 
logised with those of Reptiles and Mammals. That the primordia play a 
significant réle in avian life cannot be doubted, when we know (vide Huber 
and Crosby) that the cortico-septo-mesencephalic tract is one of the most 
striking features of the avian brain and places this cortical region (particularly 
its “para-entorhinal” or para-hippocampal portion) in direct communication 
with the mid-brain and even more posteriorly placed centres of the brain. 


THE HISTORY OF THE DUAL NEOPALLIUM 


As I have already indicated, the double structure of the mammalian neo- 
pallium is inextricably linked with the two parts (palaeostriatum and neo- 
striatum) of the corpus striatum. The double neopallium owes its existence to 
the two major phylogenetic phases in the forebrain’s striatal history; and as 
I am about to suggest that the divergent functions of the two parts of the 
mammalian neopallium are dependent upon the striatal history, I will discuss 
briefly the nature of the palaeostriatum and neostriatum. 

Since Hunt (1917) first demonstrated how the clinical phenomena following 
pallidal (or palaeostriatal) lesions differed from those following striatal (or 
neostriatal) lesions, we have come to understand more clearly that the palaeo- 
striatum and neostriatum still perform in Mammals (including Man) the same 
type of functions they were first evolved to execute in Fishes and Reptiles 
respectively (vide Tilney and Riley, 1933). The palaeostriatum was elaborated 
to correlate and control the body- and corresponding fin-movements of fishes 
(which are characterised by their constancy, rhythmicity, intersegmental 
association and automatic nature) in such a way as to produce directive body 
movement in the water. The assumption of terrestrial life necessitated a marked 
change. The constant unremitting, undulant movement of the whole, rela- 
tively rigid, body, indispensable for maintaining bodily orientation in the fluid 
water medium, becomes distinctly disadvantageous on land. 

Here inconstant undulatory movements, subject to protracted intervals of 
complete inhibition, are manifest. During walking or running, the further 
necessity arises for maintaining the general musculature of the body, which 
supports its mobile and articulated vertebral column, in a state of tonicity; 
while the controlled extensor and flexor movements of particulate, jointed 
portions of the body, i.e. the limbs, are synchronised in such a fashion as to 
produce progression of the equilibrated body while elevated from the ground. 
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The neostriatum emerges simultaneously with this reptilian need for holding 
in check the constant, rhythmical and automatic body-wide movement of 
the palaeostriatally-equipped fish and so producing orderly movement on land. 

The transference from sea to land entailed many other neurological changes. 
In an earlier paper (Dart, 1925) I took advantage of the revolution it caused 
in the whole structure of the mouth and nose apparatus to demonstrate how 
that revolution was accompanied by, and permanently recorded in, the pattern 
of the mammalian fore-brain in general and the corpus striatum in particular. 
But the transference revolutionised not only the olfactory apparatus and the 
mechanics of bodily progression and its neural control, but also the entire 
structure of the branchial region. It transformed the rigid neck, with its 
rhythmically-opening gills and upper digestive tract, into a mobile head and 
neck containing a naso-pharynx equipped with a swallowing apparatus, a 
mouth furnished with a movable projectile tongue, and a larynx controlling 
the ingress and egress of the air column. The novelties of body movement 
were accompanied by fundamental alterations in head, neck, jaw and throat 
movements associated with the new feeding, drinking, respiratory and vocal 
habits of land life. 

Thus it comes about in Man that palaeostriatal lesions, which lay bare the 
activities of the piscine palaeostriatum, are characterised by the rhythmical 
tremor of paralysis agitans, which occurs even when the body is at rest and 
is increased by movement and by emotional excitement; by gradually in- 
creasing general muscular rigidity throughout the entire body, which causes 
inertia in initiating movements and inability to restrain them once they have 
been initiated; and finally by the suppression of normal automatic associated 
movements. In neostriatal lesions, on the other hand, which reveal the func- 
tions of the reptilian neostriatum, tremors are reduced or absent and muscular 
tone is reduced rather than increased ; the outstanding features of the affection 
are the mobile and variable muscular spasms, which produce athetoid and 
choreiform movements of localised body parts, especially of the limbs, jaws 
and neck, and the exaggeration of normal automatic associated movements. 
Thus movements carried out voluntarily or mimetically in such patients bear 
the character of clambering or climbing movements, while dysarthria and 
dysphagia are commonly associated with the disease. It is well known (vide 
Cunningham’s Anatomy) that, in Man, the ansa lenticularis comes from the 
lentiform nucleus (neostriatum) and proceeds to the thalamus. Elliot Smith 
states that “this system of fibres is very old, being the most primitive efferent 
tract from the cerebral hemisphere” and that its connections with the 
thalamus, red nucleus and substantia nigra “afford some explanation of the 
difficulties of articulation and swallowing after damage to the striate body.” 

In other words, the palaeostriatum is a mechanism whereby the natural 
tone of the body musculature is inhibited, steadied and adjusted; so that 
movements of the whole body in response to cerebral activities can be executed 
with rapidity, smoothness and ease, after the fashion exhibited by the per- 
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fection of body movement in Fishes. The neostriatum, on the other hand, is 
a mechanism whereby, in Sauropsida, there can be superimposed upon, or 
isolated within, these smooth whole-body movements the relatively disjunctive 
and spasmodic movements of individual parts (e.g. the limbs, head, neck, 
jaws and throat) of the body, whose synchronisation and coordination is 
essential to orderly progression and vital existence on land. 

Because the fore-brain has passed through these two striatal phases in its 
evolution, two paths are now available for the passage of thalamic radiations 
to the cortex. They may enter by way of either the medial or the lateral 
fore-brain bundle (vide Dart, 1925) and so theoretically two types of neo- 
pallium may arise—and this, in point of fact, happened. 


THE SIGNIFICANCE OF THE DUAL NEOPALLIUM 


The distinctive attribute of the neopallium in Mammals is regarded as the 
further progressive isolation, control and coordination of muscular movements 
in order to bring about the bodily, and more particularly the appendicular, 
mobility, dexterity. and skill characteristic of the class. This isolating and 
coordinating function is, however, more manifestly exercised in Mammals by 
what we have termed the para-pyriform moiety of the neopallium, in which are 
coordinated proprioceptive and exteroceptive information relayed to the cortex 
from the organs of muscle and joint sense, touch, hearing, equilibration and 
vision. This information reaches the para-pyriform neopallium by way of 
tracts passing through the neostriatum; that part of the neopallium having 
been developed, as it were, to receive the surplus of the thalamo-neostriatal 
radiation. It is natural therefore that this neopallium should exhibit in a still 
more exaggerated way, than does the neostriatum, the capacity to control 
and coordinate “isolated movements.” The para-pyriform neopallium controls 
the muscular display of skill. 

The para-hippocampal moiety of the neopallium, by contrast, is not con- 
cerned with “isolated movements” but governs widespread muscular and 
sympathetic reactions associated with the expression of the emotions. It has 
developed, as it were, to receive the surplus of the thalamo-palaeostriatal 
radiation. By incising the prechiasmatic region of the fore-brain 3-4 mm. in 
front of the chiasma and from the mid-line to the olfactory radiation to a 
depth of only 2-3 mm. on both sides of the brain, Fulton and Ingraham (1929) 
changed three cats (2 castrated males and 1 female), which previously were 
characterised by their friendly and playful behaviour, into chronically angry 
beasts provoked upon the slightest stimulation into violent bodily manifesta- 
tions of ungovernable rage. 

As Le Gros Clark (1932) pointed out, this lesion probably involved the 
course of the fibres, which run from the frontal pole back to the dorso-medial 
nucleus of the thalamus and in the reverse direction, and which provide in 
this way a means for harnessing the thalamic emotional responses. He showed 
that the medial thalamic nucleus is linked up with the whole peri-ventricular 
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system and, as has been recognised for a long time, motor activities at the 
thalamic level are characterised by their exaggerated emotional or affective 
tone. But Le Gros Clark showed the cingular cortex to be reciprocally linked 
by fibres to the anterior thalamic nucleus (and as we know, through that 
nucleus with the bundle of Vicq d’Azyr and the mammillary bodies), so that 
probably it, as well as the frontal cortex, is concerned with this thalamic 
emotional control. At any rate there is no evidence at present available for 
separating the cingular cortex functionally from the prefrontal cortex; and 
we have seen that they are rationally grouped together as para-hippocampal 
neopallium on the basis of their position and thalamic connections. 

Those pre-chiasmatic lesions, then, severed the medially-situated fibres 
which link the para-hippocampal neopallium with the thalamus. The emotional 
mass-reactions of the body musculature and the sympathetic system, elicited 
by the lesions, conspicuously differ from the localised spastic paralytic reac- 
tions, which follow in the train of comparable lesions in the lateral part of 
the internal capsule. The para-hippocampal neopallium controls the muscular 
display of emotion. 

Skill or emotion in the final resort are both displayed chiefly in terms of 
muscular activity and accompanying sympathetic phenomena. They do not 
differ in the mechanisms called into action; they have this further feature in 
common, that the play and variety of emotional activity depends directly 
upon, and varies directly according to, the degree of bodily skill which the 
animal group, genus or species possesses. But whereas skill, on the one hand, 
depends on the capacity to isolate the activities of individual muscle groups, 
and the accompanying sympathetic phenomena are finely adjusted to the 
needs of the delicately-poised muscular activity; emotional responses, on the 
other hand (such as those of fear, rage and mating), especially in lower animals, 
tend to involve the entire body musculature and are associated with gross 
vaso-motor and other exhibitions of sympathetic nervous system activity, of 
an explosive and immoderate character. It is in keeping with this explosive, 
widespread and immoderate character of the responses, that the palaeo- 
striatum serves as the channel of passage for emotion-controlling impulses 
from the para-hippocampal cortex. The palaeo-striatum first emerged for 
whole-body response and the higher cortico-thalamic tracts, that emerge for 
still further direction of these massive muscular responses, are laid down 
within this pre-existing scaffolding. 

Having recognised the probable physiological significance underlying the 
duality of the neopallium in Mammals, and having appreciated that the 
anatomical architecture and the physiological functions of the constituent 
neopallial moieties are extensions of neostriatal and palaeostriatal functions, 
it is fitting to add a few final remarks concerning Sauropsida in general and 
Aves in particular, in order to show the applicability of our reasoning, and 
the possibility of utiiising them for increasing our knowledge concerning the 
dually-functioning cortex. 
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In the cold-blooded fish and Amphibia with their primitive cortex a differen- 
tiation of bodily responses, as between skill and emotion, can scarcely be said 
to exist. With the life on land came courtship, cohabitation, hatching or 
parturition, and the nursing of young. Thus emotional response and bodily 
skill came to assume significance as two divergent aspects of animal behaviour; 
and the mechanisms established became available for their individualisation, 
control and orderly display. Hence it was in Sauropsida that Darwin found 
more liberal material for demonstrating the part that sexual selection played 
in evolution. The emotional reactions attendant upon the mating and fighting 
habits of Birds are well known, but the numerous and varied examples of 
comparable emotional display in Reptiles are sometimes overlooked. Such 
are the noisy combats of turtles and the splashing and roaring struggles of 
alligators for their mates, the defensive erection of frills, spines, pouches or 
other structures in lizards. Darwin concludes in explanation of their coloration 
and variegated appendages that “‘ Sexual selection seems to have played almost 
as important a part with Reptiles as with Birds.” 

The cerebral structures in Sauropsida, which are responsible for these novel 
activities, are the neostriatum and the cortex; and we do not yet know to 
what extent they individually control these behaviour reactions. The experi- 
ments of Rogers (1922) seem to show that the cycles of avian behaviour in 
feeding, drinking, mating, nesting, incubation and rearing the young depend 
largely upon the integrity of the expanded neostriatum. He found so little 
disturbance in these cyclical functions when almost the whole avian cortex 
was removed, that he was inclined to regard the cortex as relatively insigni- 
ficant, compared with the striate body, in controlling the rhythms of avian 
life. It may be that in this highly specialised group the neostriatum has taken 
over some of the functions that belong more properly to the para-hippocampal 
neopallium. But we need further critical experiments and more detailed be- 
haviour studies before we shall be able to understand precisely what influence 
the avian cortex has on their skill and their emotions respectively. In Reptiles, 
on the other hand, from Bagley and Langworthy’s experiments, head-deflec- 
tion and tail-lashing movements are caused by stimulating the para-hippo- 
campal cortex, and these cortically-controlled movements simulate the violent 
activities of these beasts under the powerful stimuli of rage or mating, and 
differ entirely from the tail-wagging movements resulting from stimulating 
the mid-brain. Stimulation of the para-pyriform field, on the other hand, 
causes movements of the limbs such as occur in walking. 

Rogers (1922) did find that direct stimulation of the antero-medial portion 
of the cortical dorsum in Birds evoked depression of the feathers of the fore- 
head and throat and various other sympathetic system phenomena which are 
associated with their emotional reactions. These suggestive experiments and 
Darwin’s observations indicate a fruitful field of experimental research con- 
cerning the emergence of functional duality in the sauropsid cortex. 
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SUMMARY 


The neopallial primordium in Reptiles is divisible topographically into 
para-hippocampal and para-pyriform moieties. The para-hippocampal pri- 
mordium is now recognised for the first time as being neopallial. Stimulation 
of these neopallial primordia results in body movements of divergent character 
in Reptiles. Both primordia receive afferent fibre systems from the thalamus, 
the para-pyriform primordium receiving its tract by way of the lateral (neo- 
striatal), the para-hippocampal by way of the medial (palaeostriatal) fore- 
brain bundle. 

The neopallium of Mammals is also double and its duplicity corresponds 
with a duplicity of the thalamus and the thalamic projection zones. These 
two projection zones of the mammalian thalamus are the neostriatal and 
palaeo-striatal zones respectively and they correspond with the two projection 
zones of the reptilian primordia. The reptilian primordia are therefore the 
forerunners of the para-hippocampal and para-pyriform divisions of the mam- 
malian neopallium, a division already suggested by Shellshear in consequence 
of his studies in reptilian and mammalian neopallial blood-vascular supply, 
and implicit in the thalamic studies of Le Gros Clark. 

The double structure of the mammalian neopallium follows in the train 
of the two ancestral phases, water and land, palaeostriatal and neostriatal, of 
striatal history; and the exploitation, as I suggested in “‘ The law of infiltration 
in fore-brain evolution,” of both the palaeostriatal and the neostriatal path- 
ways in vertebrate fore-brain evolution. 

The striatal history affords a clue to the divergent activities of the two 
divisions of the mammalian neopallium, the parapyriform cortex controlling 
bodily skill, the para-hippocampal cortex controlling bodily emotion. The 
beginnings of that differentiation are traceable in Sauropsida and promise a 
valuable field of enquiry concerning the double functions of the cortex. The 
cortical arrangements in Reptiles, Birds and Mammals are now capable of 
being homologised with one another anatomically, and a structural basis is 
thereby provided for understanding any physiological correlations which may 
be discovered between them in the future. 
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ON MUSCLES OF FULL AND OF SHORT ACTION 


By R. WHEELER HAINES 
Assistant Anatomist in the University of Cape Town 


In an earlier paper (Haines, 1982) I discussed the relation between the length 
of the fibres forming the belly of a muscle and the distance through which the 
muscle contracts in the body. That study confirmed the conclusion of Marey, 
quoted by Murk Jansen (1918, p. 319), that those muscles which move their 
insertions through great distances relatively to their origins have long fibres, 
and those whose movements are more limited have shorter fibres. In this paper 
I shall attempt first to establish a more exact relationship between the fibre 
length and the range of action of a muscle, and then to describe certain impor- 
tant exceptions to the general rule. 

In the preserved body some of the muscles are fixed in a contracted and 
some in an extended state, and allowance must be made for the position of the 
joints when measurements are being taken. The methods for doing this may 
best be illustrated by the study of a few specific examples. 

In a certain Bantu, fixed in the ordinary position for classroom dissection 
with the knee fully extended, a few fibres of the vastus intermedius were 
dissected out and found to measure 80 mm. in length. Since the action of the 
muscle in extending the knee was complete in this body, this measurement 
gave the fibre length when the muscle was fully contracted. The tendon was 
then cut above the patella, and the knee flexed to its full extent. The gap 
between the two cut ends of the tendon was then 105 mm. In the living man 
the muscle must have been stretched by this amount when the knee was in full 
flexion, and the length of the muscle fibres when so stretched must have been 
80+105 mm., or 185 mm. Thus each fibre of this muscle, in passing from its 
stretched to its contracted state, changed in length from 185 to 80 mm., that is 
it contracted by 105/185, or 57 per cent. of its length when stretched. 

In the case of the vastus intermedius, the fibres were fixed in their fully 
contracted state, and their length in this state could be measured directly, 
while their length when stretched had to be calculated. In the case of the 
short head of the biceps the reasoning had to be altered, since the muscle was 
fixed in its fully stretched position, and it was the contracted length that had to 
be calculated. As fixed in their extended position the fibres measured 150 mm. 
When the tendon of insertion was cut and the knee was fully flexed, the cut 
ends overlapped by 85 mm. Thus the length of the fibres when contracted in 
the living person was 150—85 mm., or 65 mm., and they contracted by 85/150, 
or 57 per cent. of their length when stretched. 

The sartorius may be taken as an example of a muscle crossing two ‘ctits, 
the hip and the knee. Its fibres as fixed in the Bantu body measured 440 mm. 
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With the hip extended and adducted so that the points of origin and insertion 
were as far apart from one another as possible, the distance between the cut 
ends was 25 mm. In the living man when the leg was in this position the fibres 
must have measured 440 +25 mm., or 465 mm. With the knee fully flexed and 
the hip flexed and abducted, the greatest overlap obtainable between the cut 
ends was 235 mm., so that in this position the fibres must have measured 
- 440-235 mm., or 205 mm. in the living man. Thus the muscle fibres were 
- found to have contracted from 465 to 205 mm., that is by 260/465, or 56 per cent. 
of their length when stretched. 

Similar amounts of contraction were found for the tibialis posterior (59 per 
cent.), peroneus tertius (55 per cent.), gracilis (58 per cent.), and many other 
straight-fibred muscles. In muscles with oblique fibres, such as the vastus 
medialis and lateralis, allowance had to be made in the calculations for the 
obliquity, but with this allowance the results were the same as in straight-fibred 
muscles. Again, the results were confirmed in other bodies, both Bantu and 
European, with variations of three or four points. In general it may be stated 
that in these muscles during life a fibre contracts by about 57 per cent. of its 
length when stretched. 

Putting this in another way, the ratio of length when stretched to length 
when contracted to range of movement is about as 100 : 43 : 57 in all these 
muscles, so that the contention of my earlier paper, that the fibre length of a 
muscle bears a constant relation to the range of its movement, is borne out by 
these measurements. If the range of movement be known, then the length of 


the fibre when contracted can be calculated as 120% 48 per cent., or 75 per 


57 
cent., and the length when stretched as _— per cent., or 175 per cent., 


of that range. 

Most of the muscles of the body follow the rules just laid down, but a small 
group can be found in which the fibre length does not correspond to the whole 
amount of movement allowed by the muscle attachments. This group may 
best be introduced by the discussion of a specific example. 

The length of the fibres in the long head of the biceps in the Bantu body 
quoted above was 80 mm., less than that of the fibres in the short head. When 
the knee was flexed and the hip fully extended the maximum overlap between 
the cut ends of the muscle was 90 mm. Thus for the muscle to have been active 
in this extreme position, the fibres would have had to contract by more than 
their own length, an obvious absurdity. When the leg was in this position the 
fibres must in fact have been slack, and the usual methods of calculation of 
fibre length in contraction are not applicable. 

On the other hand the usual methods can be used to calculate the fibre 
length when stretched. As fixed the fibres measured 80 mm. When the knee 
was extended and the hip flexed the maximum gap between the cut ends of 
the muscle was 65 mm., so that the length of the fibres when stretched must 
have been 80+65 mm., or 145 mm, 
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Now if the fibres during life contracted by the amount already found for 
the other muscles studied, that : a 57 per cent. of their length when stretched, 
then they contracted through a 145 mm., or 83 mm. The total movement 
allowed by the attachments of the muscle was 65+90 mm., or 155 mm. Now, 
with the knee fully extended, when the hip was brought from the flexed to the 
extended position, the gap of 65 mm. passed to an overlap of 5 mm., so that the 
movement of the muscle origin was 70 mm. Thus of the 155 mm. of possible 
movement, 70 mm. was due to the movement of the hip, and the remaining 
85 mm. to the movement of the knee. With 83 mm. of actual contraction the 
muscle could have fully extended the hip when the knee was extended but 
could not also have flexed the knee at the same time. 

Such a state of affairs has actually been noted by Paterson (1917). He 
described cases of gunshot wounds in which the bullet had severed the common 
peroneal nerve including the branch to the short head of the biceps, so that the 
action of the long head could be studied in isolation. The hip was extended by 
placing the patient face downwards on a couch, and the patient was asked to 
flex his knee. The tendon was found to be taut at the beginning of the action, 
but when the knee had been flexed a short distance it became slack. 

The long head of the biceps is an example of a class of muscles I propose to 

call muscles of short action, and to distinguish from the more common muscles 
of full action. These muscles of short action have two characteristics by which 
they may be recognised, the physiological one of inability to bring about the 
complete range of movement possible to the joints on which they act, and 
the corresponding anatomical one of possessing fibres shorter than would be 
expected from a study of those movements. 

The fibre lengths of the long and short heads of the biceps femoris have lien 
discussed by Jansen (1913). He discovered that the fibres of the long head are 
actually shorter than those of the short head in the position in which the body 
is ordinarily fixed, a fact which is borne out by my own measurements. He 
went on to point out that this is true although the long head acts on two joints 
and the short head on only one. He drew the conclusion that there is no rela- 
tion between the fibre length of a muscle and the amount of contraction. When, 
however, it is realised that the long head of the biceps femoris is peculiar, in 
that it can act fully on only one joint at a time, it becomes clear that this 
argument is not valid. 

Further examples of muscles of short action can now be given. It was 
pointed out by Cyriax (1917, p. 399) that when the ankle is fully plantar flexed 
and the knee is also flexed at the same time the tendo Achillis is slack to 
palpation, the tibialis posterior and the peronei being the most important 
flexors of the ankle joint in this position. The muscles inserted by the tendo 
Achillis must therefore be muscles of short action. Measurement of their fibre 
lengths confirms this conclusion. 

In the Bantu subject mentioned above the knee was fixed in the fully 
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extended position and the ankle was fully plantar flexed. The fibres of the 
gastrocnemius measured 44 mm. When the muscle was cut flexion of the knee 
gave an overlap of 21 mm. between the cut ends, and dorsiflexion of the ankle 
a gap of 60 mm. Thus, for the muscle to remain active throughout the whole 
movement of flexing the knee and plantar flexing the ankle, its fibres would 
have to contract from a length of 44+60 mm., or 104 mm., to 44—21 mm., or 
23 mm. But a fibre of 104 mm. contracting by 57 per cent. of its length be- 
comes a fibre of 45 mm., that is about the fibre length in the specimen as fixed 
with the knee extended and ankle plantar flexed. In the living person therefore 
the muscle would bring about plantar flexion of the ankle when the knee was 
extended, but if the knee were then flexed it would become slack, thus con- 
firming the independent observations of Cyriax. 

The measurements and deductions for the plantaris are similar to those for 
the gastrocnemius. 

The fibres of the soleus as fixed in the subject studied measured 33 mm., 
but no reliance can be placed on this figure as the fibres were slack when 
fixed, and even after the action of formalin hung in loose curves. Such an 
ocular demonstration of the state of a muscle of short action when that action 
has been overpassed can usually be studied in the soleus of bodies fixed with the 
ankle in a position of extreme plantar flexion. Further, the curious curves of the 
fibres of the soleus in an amputation stump figured in my earlier paper (Haines, 
1982, fig. 5) receives a reasonable explanation as being the result of an exaggera- 
tion of the normal slackness, and not, as I thought when I wrote the paper, the 
result of the contracture of tendon. 

Other muscles of short action are the semimembranosus with a fibre length 
in extension of 143 mm. in the Bantu studied, and a possible movement of 
115 mm., and the rectus femoris with a fibre length of 210 mm., and a possible 
movement of 173 mm. It may be noted here that muscles of short action vary 
in fibre length much more from body to body than do those of full action. 

I have suggested (Haines, 1932) that a muscle fibre is suited to the work it 
has to perform by a response, first to traction set up by growth of the bones to 
which it is attached, and secondly to limitation of its movement by its attach- 
ments. If these theories are true it should be possible to apply Ahem to muscles 
of short action. Traction of the fibres occurs in a muscle of short action just as 
in a muscle of full action, so it is to limitation of the movement that we must 
look to explain the shortness of the fibres. 

Now in most of the cases mentioned the full action of the muscle is one that 
is very rare in life, and one that, if it should occur, has not to be carried out 
against strong resistance. Full flexion of the knee when the hip is extended, 
extension of the knee when the hip is flexed, powerful plantar flexion of the 
ankle when the knee is flexed, these actions, which would be brought about by 
the long head of the biceps, the rectus femoris and the gastrocnemius, if they 
were muscles of ful! action, are all rare movements. When the knee is flexed 
and the hip extended in running, the action is passive, the leg being carried up 
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by its own momentum. Extension of the knee when the hip is fully flexed is 
difficult and is rarely attempted except by acrobats. Again, though it is 
possible fully to plantar flex the ankle when walking “on tiptoe,” it is impossible 
to carry out this action against the weight of the body when the knees are 
flexed. So it is suggested that the length of the fibres in these muscles becomes 
adapted during growth to the more habitual positions of common activities 
such as walking, rather than to the extreme movements allowed by the joints. 
In other cases it is difficult to understand how the shortness of the fibres has 
come about. 

The theses here presented suggest an explanation of the fact that toe 
dancers must begin their training early in life. Probably in these and in other 
acrobats some of the muscles normally of short action have become muscles of 
full action in response to the abnormal movements carried out. This change 
can only occur during growth, for in the adult fibre length is already deter- 
mined. Records of the fibre lengths of the calf muscles of a toe dancer or a 
contortionist would be most interesting in this connection. 


SUMMARY 


The amount of contraction possible to a muscle fibre in the human body is 
about 57 per cent. of its length when fully stretched. In most muscles this 
amount of contraction corresponds to the range of movement allowed by the 
bones to which the muscle is attached. 

Muscles of short action are described in which the fibre length is so short 
that they do not remain taut throughout the full range of movement permitted 
by their attachments. As examples the biceps femoris, semimembranosus, 
rectus femoris, gastrocnemius, plantaris and soleus are discussed. 
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ARTERIAL VASCULAR PATTERNS 


By H. H. WOOLLARD anv G. WEDDELL 
Department of Anatomy, St Bartholomew’s Hospital 


"Tue arteries which supply the organs and members of the body are arranged 
in two ways. In one the artery arises from a parent vessel of considerable size 
and proceeds by branching and subdivision to form eventually a capillary bed. 
There are no anastomoses between adjacent arteries, and the vascular channels 
remain independent of one another until the capillary bed is reached. Such an 
arrangement is generally referred to as an end arterial system, for occlusion of 
the artery leads to necrosis of the tissue. It occurs in many of the viscera, the 
. kidney being a good example. 

In the other way the arteries anastomose with one another until a whole 
series of loops, arcades, or arches has been formed. The limbs indeed are sup-- 
plied by a series of vascular loops which arise from the main stem and in their 
turn give rise to a further series of loops and so on until the capillaries are 
reached. 

The former method is to be regarded presumably as the older, more primi- 
tive, and more direct method. The segmental artery was limited to its segment 
and proceeded by the method of successive subdivision to irrigate the constitu- 
ents of the segment. Two factors may have led to a modification of this primi- 
tive arrangement. Where the organ can be regarded as an assemblage of 
functional units, each of which is of quite small dimensions—and indeed each 
tiny unit might originally have been the total segmental equipment, as in 
the coelomostomes of the kidney—it is clear that from the functional point of 
view there is nothing to be gained by the formation of arterial anastomoses. 
If on the other hand functional demands lead to the fusion of a large number of 
segments in order that the organ or member may perform its task, then of 
course there would be factors in growth, differentiation, and usage which would 
tend to modify the original segmental vascular arrangement. Such considera- 
tions apply in the evolution of the appendicular skeleton. 

Another consideration perhaps arises when the distribution of blood takes 
place far from the central vessels, as in the hands, feet, brain, or where an organ 
has grown greatly in length, as with the small intestines. Then the loop, arch, or 
arcade system is introduced anc ‘wus there is present a mechanism by means 
of which the pressure in adjacent vessels is equalised. The gradient in the fall 
of the pressure, as the blood passes to the periphery, goes on in either arrange- 
ment of vessels just the same, but where a cross anastomosis is present then 
the blood will enter the capillary bed at the same pressure irrespective of the 
unequal losses caused by differences in the size of lumen, tortuosity, and the like. 
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The circle of Willis would seem to find its functional explanation in being 
a means by which the pressure in all three cerebral arteries can be kept equal. 
It is possible that the pressure of the blood arriving by way of the basilar 
would be slightly different from that coming by way of the internal carotid, 
since these arteries are of different calibre and pursue different courses. An 
arcade of communicating arteries would furnish a method by which the pres- 
sures in these arteries could be equalised. There is no reason to suppose any 
great flow of blood occurs through the vessels of the circle, and in the arterio- 
grams obtained by injections into the carotid of thorotrast it is rare to find any 
filling of the posterior cerebral artery. In the limbs the functional needs have 
led to the fusion of several segments, unequal losses of pressure, owing to 
variations in size and distance from the central vessels, are compensated by an 
arch system and the functional unit is not the tissue area of an arterial dis- 
tribution, but is rather one of a neuromuscular order. In the limbs there would 
be no reason for pursuing a functional distribution of arteries such as has been 
analysed with considerable success in other organs. Rather the functional unit 
lies in the numerical distribution of nerve fibres and their collaterals to muscle 
fibres. 

MATERIALS AND METHODS 

Injections were made of the vessels of eleven amputated lower limbs. The 
blood vessels of five of these were considered normal, while the remaining six 
legs had been amputated for gangrene due to various causes. A number of 
foetuses of different ages were also injected. 

An emulsion of barium sulphate was used as the material for injection. 
This emulsion was of such a consistence that it could not easily be forced beyond 
the small arterioles. It was in all cases introduced at a constant pressure, this 
being made possible by using a metal cylinder equipped with a pressure gauge. 
The pressure chosen after several experiments was 1-5 atmospheres. 

After the injection the limbs were preserved by the direct introduction of 
formalin into the tissues by a large hypodermic syringe and then immersed in 
the same fluid. Subsequently X-ray photographs of the limbs were taken, dis- 
sections were made of the vessels and the state of the vessels as determined 
macroscopically and microscopically was compared with the details revealed 
by the X-ray photographs. 

The X-ray photographs were taken for us by Dr Simon of St Bartholomew’s 


Hospital. 
DESCRIPTION OF INJECTIONS 


An injection of a six months’ foetus was made. The X-ray photograph 
demonstrated that the limb vessels as they pass to reach the distal loop in the 
hand and foot are apparently of equal size. The radial and ulnar, the anterior 
and posterior tibials each contribute in the same degree to the formation of the 
appropriate arch (text-fig. 1). 

The contrast in size between the vertebrals and the internal carotids is 
easily seen. The carotid loop is much larger than the vertebral loop, a dis- 
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Text-fig. 1. Vascular injection of a six months’ human foetus. 
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proportion which is equalised by the posterior communicating arteries. In the 
trunk the end artery type can be seen in the vessels of the thyroid, the spleen, 
the kidney, etc. 

An examination of the larger blood vessels in the normal snajiotated limbs, 
in contrast to the foetus, shows considerable disproportion in their sizes. There 
has been a change from the symmetry of the foetus. The larger arteries—posterior 
tibial, anterior tibial, and peroneal—are approximately equal in diameter 
where they begin. However, when the region of the ankle joint is reached the 
anterior tibial and peroneal have become reduced in size. The posterior tibial, 
on the other hand, undergoes only the slightest, if any, reduction in diameter 
as it reaches the region of the foot. It continues into the foot as a substantial 
lateral plantar artery sr the deep plantar arch with a considerably reduced 
dorsalis pedis. 

In another normal since the anterior and posterior tibials are of practi- 
cally equal diameter until the ankle joint is reached, when the anterior tibial 
becomes much reduced while the posterior tibial retains almost its original size. 
The anterior tibial of this specimen divides at the ankle joint into three branches 
of equal dimensions. These radiate from their point of origin, one forming the 
dorsalis pedis, which completes the deep plantar arch, the middle supplying 
the dorsum of the foot and metatarsus, and the third or most posterior sup- 
plying the lateral aspect of the calcaneus. The medial plantar artery starts as a 
vessel about half the size of the lateral plantar and quickly subdivides into 
many small branches and cannot be further recognised as a nameable blood 
vessel. The lateral plantar behaves as the great source of blood for the structures 
of the sole of the foot and the digits. 

In the third case, from the position in which the film was taken the peroneal 
artery can be seen dorsal to the fibula; the anterior and posterior tibial arteries 
are well injected. The posterior tibial before it gives off the peroneal is a sub- 
stantial vessel. It now becomes smaller than the anterior tibial, and this 
larger diameter of the anterior tibial is apparent as far as the ankle joint. In 
conformity with this the dorsalis pedis is the larger vessel concerned in the 
formation of the deep plantar arch and the supply of the digits. The lateral 
plantar is a smaller vessel than the dorsalis pedis. 

In so far as the pathological cases permit comment on the arteries, it may 
be said that every variation in vessel size is apparent in the formation of the 
deep plantar arch. 

Comment 


The variations of form and size which occur in these vessels seem, however, 
to be of little functional significance. There is invariably a well-developed 
plantar arch. In the delivery of blood to the hand or the foot the single large 

artery, brachial or femoral, may be regarded as a pipe which fills a continuous 
arterial loop formed out of radial and ulnar, or tibials and plantars as the case 
may be. This continuity by a vascular arch at the middle of the sole or palm 
is the essential feature of the vascular arrangement of an extremity. It ensures 
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Text-fig. 2. Vascular injection of amputated extremity of adult male. Vascular system normal. 
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Text-fig. 3. Vascular injection of amputated extremity of adult male. Blood vessels normal. 
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that the pressure within the loop is virtually equal at all points. The vessels 
forming the loop, it is true, vary in their diameter and in no two cases are the 
same, yet diminutions in one part are compensated by enlargements in another, 
and the final result is the same. The fall in pressure within an artery is pro- 
portional to the length of the artery from its origin to the capillary bed. With 
the existing arrangement this length is only the very short distance from the 
loop to the subcutaneous tissue. 


The smaller vessels 


From the arterial loop come vessels whose arrangement differs according 
to their destination. The muscular branches in the calf are numerous, they run 
as long parallel stems in the direction of the fasciculi of the muscle and 
anastomose freely with one another. 

In the lower third of the leg, where the muscles have been to a great extent 
replaced by tendons, and also in the front of the leg in the neighbourhood of 
the subcutaneous surface of the tibia, the arrangement of the smaller vessels 
is different. These form closed loops the diameter of which is relatively large. 
At regular intervals the stems pass out at right angles from the main vessels. 
From the loops uniting these arterioles, others are derived which again in their 
turn form loops, these becoming finer and finer. (See text-figs. 2, 3, and Pl. I.) 

It is obvious at a glance that the cutaneous arterial bed is enormously rich 
in the sole. The contrast between the sole and the remainder of the cutaneous 
area of the leg can be appreciated by comparing X-ray photographs taken of 
these areas of the lower extremity (text-fig. 4). The greater abundance of the 
larger arteries in the sole brings by repeated subdivision a geometrical increase 
in the number of smaller vessels and thus leads to the vascular density which 
appears so pronouncedly in the films. 

This vascular richness of the sole is to be correlated with the situation of 
the angio-spastic phenomena, and the greater temperature changes occurring 
here after the removal of vasoconstrictor influence. It is one of several reasons 
for regarding the hands and feet as a special heat-conserving and heat-dissi- 
pating mechanism. 


THE ARTERIAL PATTERN IN PATHOLOGICAL CASES 


The first case commented on is one of thrombo-angiitis obliterans, am- 
putated, in which gangrene commenced in the toes (PI. II). The picture of the 
vessels in this disease differs from the normal in the following ways. The an- 
terior tibial, the posterior tibial, and the peroneal are reduced to extremely 
fine threads. The deep plantar arch and the lateral plantar artery are extremely 
reduced. In addition to this reduction of the calibre of the main vessels, the 
most noticeable change is a very great increase in the size of the longitudinal 
anastomoses between the loops derived from the main vessels and described 
above in the normal cases. If corresponding regions be compared (see Pl. IT) 
in this case with the normal and other pathological cases, the number of 
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arterioles to be counted at different levels varies. This is shown in the following 


table: 
Table I 
State of limb A B Cc D E F G H 
Normal 27 22 = * 32 27 24 26 28 27 
Thrombo-angiitis 31 40 42 33 33 #£11* 412* 
obliterans 
Diabetic gangrene 30 34 29 19 22 20 12 12 
Senile gangrene 6 4 6 5 3 9 aye OF 


* F, G, H fall within the gangrenous area. + G and H fall within the gangrenous area. 


Text-fig. 4. Cleared preparations of the blood vessels from a normal limb to show the difference 
in arterial richness of different parts. 
A=the subcutaneous region of the calf of the leg; 
B =the subcutaneous region of the sole of the foot at the level of the heads of the metatarsals. 


A sketch showing the level at which the arterioles were counted is shown 
in text-fig. 5. 
It is clear from this table that there is no transformation or new formation 


of vessels of the arteriolar order in senile gangrene. There is a tendency to in- dis: 
.  erease the arterioles in these two possible ways in diabetic gangrene, and this is t 
tendency is at a maximum in thrombo-angiitis obliterans. This is in con- thr 


formity with the report of other observers. Even if the comparison be confined fact 
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to the number of vessels feeding the sole of the foot, the same increase in this 
disease is seen. The abundance of the cutaneous supply of the sole arising from 
the subdivision of these feeding arteries has been made by counting the number 
of vessels per square centimetre in similar areas. The areas counted are marked 
in text-fig. 5. 


Text-fig. 5. Sketch of the foot region to show the level at which different counts were made. 


The results are as follows: 


Table II 
Region 
State of limb X ¥ Z 
Normal 94 74 87 
Thrombo-angiitis obliterans 89 70 78 
Senile gangrene 0 0 14 
Diabetic gangrene 63 75 66 


It will again be seen that in senile gangrene the finer vessels are actually 
disappearing, while in thrombo-angiitis obliterans the number of fine arterioles 
is to all practical purposes the same as in the normal. The observations on 
thrombo-angiitis obliterans are of course in accordance with already known 
facts (viz. that the disease attacks at irregular intervals the medium-sized 
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vessels, leading eventually by a proliferative endarteritis to their partial or 
complete occlusion). It has been suggested that sympathectomy operations, 
though not affecting the disease itself, might be of use in facilitating the 
establishment of a collateral circulation. A study of the vessels by injection, 
however, shows that this has already taken place in the course of the disease 
and affords little hope of accomplishing more in this way by sympathectomy. 
It is also to be noted that in some cases the disease spreads around or beyond 
the vessels, producing a fibrosis in which the vascular nerves are destroyed. 

In Table III the average value of a great many measurements (over fifty) 
taken at similar points along all the named vessels are presented. 


Table III. Average diameter of named vessels based in each case on 


over fifty similar measurements. 
State of limb mm, 
Normal 15 
Thrombo-angiitis obliterans 0-9 
Senile gangrene 1-21 
Diabetic gangrene 1:17 


It will be seen that in each case there is a reduction of the calibre of the 
main vessels, but this is greatest in thrombo-angiitis obliterans. 
In senile gangrene the film shows the tortuosity of the large vessels and 
their partial occlusion. There is a great diminution in the number of the arteries 
and arterioles and no compensatory development of anastomotic channels 
occurs. These observations made on the film were confirmed by dissection 
(text-fig. 6). In diabetic gangrene the main vessels are diminished in calibre. 


SUMMARY 


1. The vascular pattern of the limbs is of a specialised kind in which the 
characteristic features are: 
(a) Large named anastomosing arches. 
(b) Small unnamed anastomosing arches in all limb tissues. 
(c) Varying richness of the vascular bed; the sole of the foot possessing 
by far the greatest number of arterioles. 
2. The vascular richness of the sole is an important consideration in the 
vasomotor control of the extremity. 
3. The vascular pattern is affected in different ways by different diseases, 
each producing its own picture. 
4. In thrombo-angiitis obliterans the anastomotic circulation has de- 
veloped to the utmost. Surgical measures are not likely to increase this. 
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Text-fig. 6. A vascular injection of a limb amputated for senile gangrene. 
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Text-fig. 7. A vascular injection of a limb amputated for diabetic gangrene. 
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EXPLANATION OF PLATES I AND II 
Priate 


Vascular injection of amputated extremity of adult male. Blood vessels normal. 


Priate IT 


Vascular injection of a limb amputated for thrombo-angiitis obliterans. The vessels are reduced 
in diameter but the number per unit area is as high or higher than normal. 


THE MENSTRUAL CYCLE OF THE PRIMATES. PART VII. 
THE SEXUAL SKIN OF THE CHIMPANZEE 


By S. ZUCKERMAN! anp J. F. FULTON 
From the Department of Physiology, Yale University School of Medicine 


I. INTRODUCTION 


Urere bleeding, recurring in approximately thirty-day periods, is a 
physiological characteristic of Old World Primates. As part of their generative 
mechanisms, many animals falling in this group also display cyclical variations 
in the swelling and coloration of the external genitalia and of the neighbouring 
skin, the total area affected in this way usually being referred to as the “sexual 
skin.”’ The systematic distribution of sexual-skin changes was discussed in the 
first part of this series of papers (Zuckerman, 1930); in view of the fact that the 
sexual skin of the rhesus macaque (Macaca mulatta) had been shown to be con- 
trolled by the follicular hormone “oestrin” (Allen, 1927), and in virtue of the 
approximate similarity in the time relations of the changes throughout the Old 
World group of Primates, it was there suggested that oestrin probably con- 
stitutes the controlling endocrine mechanism of the sexual skin, wherever such 
a skin occurs and in spite of its morphological variations. This generalisation 
was later borne out in the case of the baboon (Parkes and Zuckerman, 1931) 
and in that of the mangabey (van Wagenen, 1932). An experiment is reported 
in the present paper indicating that oestrin also activates the sexual skin of the 
chimpanzee. 


II. THE EXPERIMENTAL ANIMAL 


The animal studied was an adolescent chimpanzee (Pan satyrus), which had 
been captured in French Guinea in January 1930. She was brought to the 
United States of America soon afterwards, and lived for some three years in 
the Yale Laboratory of Comparative Psychobiology under the name of “ Kani.” 
According to criteria followed in that laboratory, the animal’s birth-date was 
estimated to have been 1926. At the time of her use in the present experiment, 
all of her permanent teeth except the third molars had erupted. Only about 
two-thirds of the canines were through the gums. A similar dental formula in 
European children is as a rule characteristic of the age of 12. According to 
current views it is representative of an age of about 8 in chimpanzees—a figure 
which tallies with the earlier estimate of Kani’s year of birth. 


1 At the time of the investigation, a Rockefeller Research Fellow in the Department of 
Physiology, Yale University School of Medicine. 
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A record of the animal’s “menstrual history” has been kept in the labora- 
tory’s routine protocols, and the following brief account is taken from this 
source. 

Menstruation. There is no record that the animal ever menstruated. A 
janitor reported “genital bleeding” on 9 October, 1931, but the observation 
was not confirmed by any member of the research staff of the laboratory, nor 
was a similar observation ever again made. It is likely that the blood seen was 
a memento of a fight, since there is a record of the animal’s temporary un- 
friendly relations with two cage companions. 

Sexual skin. The first definite swelling and reddening of the genital region 
was noted on 26 July, 1932. From this time until the day she was used in the 
present experiment, fourteen months later, the animal experienced cycles of 
sexual-skin activity. These do not appear to have been regular, and sometimes 
swelling continued for long periods, fluctuating in amount from time to time. 
The amount of swelling was never much more than that indicated inthe photo- 
graph reproduced in text-fig. 1 (according to Dr K. W. Spence, who had charge 
of the animal for a considerable time, the swelling shown in this picture is about 
three-quarters the maximum she ever exhibited), and because of the narrow 
range of fluctuation, it was usually impossible to judge the exact onset, the 
maximum, or the beginning of decline, of the swelling. This record would 
indicate that Kani was still immature at the time she was used in the experi- 
ment reported here, since the swelling she experienced was no more than that 
shown by chimpanzees passing through puberty. The swelling of the adult 
chimpanzee is considerably greater (see Tinklepaugh, 1933, for figures); the 
amount shown may vary from one mature individual to another, but the adult 
minimum of full swelling is several times that shown in text-fig. 1. 

Tinklepaugh (1933) has recently published an account of a chimpanzee’s 
puberty and maturity. The history of his animal, Dwina, is very unlike that of 
Kani. In its first cycle of activity, Dwina’s sexual skin expanded until it was 
half the size of her head. Even after a year of recurring periods of swelling, 
Kani’s sexual skin never became as big—judging by Dr Spence’s statement. 
The interval between recurring sexual-skin swellings varied in Dwina from 32 
to 86 days. There was no regular periodicity in Kani’s sexual-skin swellings. 
Dwina menstruated within 5 months and conceived within 9 months of her 
first cycle of swelling. Kani showed no signs of menstruation during a year of 
sexual skin cycles. \ 

These differences are pointed out here, as they indicate that Kani’s 
puberty was a very protracted process. Such long-drawn puberties are not 
uncommon among the Old World and subhuman Primates generally. In an 
earlier paper (Zuckerman, 1930) one of us has drawn attention to this fact and 
remarked on a chimpanzee (S), under observation in the London Zoological 
Gardens, in whom an interval of approximately two years intervened between 
the first swelling of the sexual skin and the first menstruation. The protracted 
puberty of monkeys has since been discussed by Hartman (1931). 
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Temperamental changes connected with the process of Kani’s reproductive 
maturation. Kani was under investigation by Dr Spence in a study of visual 
acuity. He found that Kani was more irritable, and that the level of her atten- 
tion became considerably reduced, during periods of swelling. At these times 
she made more errors in her tests, thus raising the threshold of her visual 
responses (Spence, 1934). 

General condition. Kani was more or less totally blind when she became 
available for the present experiment. Her left occipital lobe had been extir- 
pated by one of us (J. F. F.) on 24 May, 1933, and the lateral surface of the right 
occipital lobe was removed on 7 July. 


Text-fig. 1. Photograph of experimentally induced sexual-skin swelling 
in a chimpanzee. 


About the middle of August the animal began to be affected by diarrhoea 
which persisted until her autopsy on 28 October. Throughout these last weeks 
of her life she wasted considerably, a fact to which the following body-weight 
figures lend eloquent testimony: 


September 29... 22-7 kg. 
October 28 .. circa 17 kg. 


There is no record of any sexual-skin swelling between the end of July and 
29 September, when the animal’s ovaries were removed. 
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III. EXPERIMENTAL RESULTS 


The original plan had been to observe not only the chimpanzee’s reaction to 
injections of oestrin, but also to discover whether or not uterine bleeding 
follows ovariectomy in the chimpanzee in the same way as in the rhesus 
monkey. The latter part of the plan had to be abandoned because of the animal’s 
poor condition. Oestrin injections were begun too soon after the removal of 
the ovaries to allow of any definite answer to the question. 

The ovaries were removed, under sodium amytal anaesthesia, on 29 Sep- 
tember, 1983. They were equal in size, and mottled with small follicles, the 
largest visible being 3-4 mm. in diameter. 

The right ovary was immediately fixed in Fleming’s strong solution; the 
left, which was fixed in Bouin’s solution, measured when fresh 2-7 cm. in 
length, 1-5 em. in width, and 1-0 em. in thickness, and weighed 1-1960 gm. 
Both ovaries were serially sectioned, and histologically there is practically no 
__ difference between the two. The cortex contains many follicles, but in the stained 
preparations none is larger than 2 mm. in diameter. Most follicles of this size 
(as well as some so small that an antrum had not yet appeared) are in process of 
atresia, and no luteal tissue is present anywhere to indicate that follicular 
growth had ever proceeded beyond this stage, or that ovulation had ever 
occurred. Wide blood spaces are present in the granulosa of some of the larger 
follicles undergoing atresia. The peripheral zone of the ovary is extremely 
rich in primordial follicles. 

The uterus was fairly large, but flabby, and was lying in a retroverted 
position, the fundus well to the right. 

The wound healed by first intention, but Kani’s general condition became 
steadily worse. Diarrhoea varied in intensity from day to day, as did also the 
animal’s responsiveness and general activity. The process of emaciation con- 
tinued evenly until the day of the autopsy (28 October). The animal’s prostrate 
condition on this day represented a very sudden turn for the worse, and it was 
on this account that the experiment was summarily ended. 

Injections of oestrin. These were begun on 9 October, ten days after the 
removal of the ovaries. The preparations used were concentrated oily solutions 
prepared by Parke Davis and Co. and by the Schering Corporation (the product 
of the latter firm going under the name of “ Progynon”’). Owing to the diffi- 
culty of restraining the animal, daily injections were not given until a week 
after the beginning of the course of injections, when the animal had ceased to 
resist being restrained. Injections were given both subcutaneously and intra- 
muscularly, and only once daily (except one day towards the close of the series, 
when two injections were made). The course lasted twenty days, the last 
injection being given about an hour before the autopsy. Disregarding this 
final dose, 21,100 x.u. of oestrin, according to the manufacturers’ assay, were 
injected into the animal. 

The vaginal smear and uterine bleeding. At no time was there any bleeding 


| 


42 S. Zuckerman and J. F. Fulton 


from the vagina, and red blood corpuscles were never seer in preparations of 
the vaginal lavage. Leucocytes predominated at the time of the ovariectomy, 
and epithelial elements during the course of injections. 

The sexual skin. At the time of the ovariectomy, and at the beginning of 
the course of injections, there was no swelling of the vulval area, which did not 
protrude beyond the level of the ischial tuberosities. 

The first sign of swelling was noticed on 12 October, three days following the 
first injection, after 3000 r.u. had been given. On the 7th day (7000 r.u.), the 
swelling was about as conspicuous as that indicated in text-fig. 1, and could be 
differentiated into a more prominent tense vulval and circumanal part, and a 
slacker base formed by the swollen pigmented surrounding skin. The amount of 
swelling fluctuated somewhat from this time on, and the maximum of the 
experiment was recorded on the 15th day of injections (16,000 R.u.). Although 
bigger on this day, the sexual skin was less tense than it had been at the 
beginning of its phase of swelling, and in the succeeding five days it also de- 
creased slightly in size—in spite of the further injection of 5000 r.u. All this 
time, as noted previously, the animal was suffering from severe diarrhoea. The 
photograph of text-fig. 1 was taken on the 19th day of injections (the day before 
the autopsy), and it does not show the maximum of swelling attained. 

At no time was the swelling greater than that characteristic of puberty. 

Autopsy and histological notes. The animal was killed with an injection of 
dial supplemented by an overdose of ether on 28 October. There were numerous 
peritoneal adhesions and the large intestine was considerably inflamed, this 


finding presumably accounting for the severe and persistent diarrhoea. 

The internal and external generative organs were removed in one piece, 
and dropped without further dissection into Bouin’s picric-formol. Unfortu- 
nately penetration was slow and the fixation proved to be poor. 

The uterus. At the autopsy the uterus appeared to be bigger than it was at 
the time of the removal of the ovaries. This increased size was not obvious in 
the fixed specimen, which had the following dimensions: 


Fundus-cervix length ... ... 50mm. 
Greatest width at fundus Me ... 80mm. 
Greatest thickness at fundus ... ... 20mm. 


The histological appearance of the uterus is very unusual. It is that of a 
uterus in a condition of advanced endometrial hyperplasia, the endometrial 
overgrowth presumably having been occasioned by the injections of oestrin 
(see Plate I, fig. 1. Plate I, fig. 2 is a photomicrograph of a control uterus, 
removed at autopsy from a chimpanzee of slightly younger dental age; except 
that the number of 2 mm. follicles were fewer, the ovaries of this “control” 
animal were almost the same in appearance as those of Kani). A detailed 
description of the specimen has been given elsewhere (Zuckerman and Morse, 
1934). 

The vagina. (Plate I, fig. 3.) The sections show the usual effects of oestrin 
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upon the vagina. The epithelium is thick and differentiated into a superficial 
keratinised zone and a deeper and narrower darkly staining zone. 

The sexual skin. (Plate I, fig. 4.) The blocks of tissue studied were so 
removed as to include the external surface of the swelling, and they show the 
superficial keratinisation which generally characterises the follicular phase of 
sexual-skin swelling (e.g. in the baboon, Zuckerman and Parkes, 1932). The 
vessels are moderately dilated in the deeper zones, and the nuclei are fairly 
widely dispersed, as in the full swelling of the baboon and in the pubertal 
sexual-skin swellings of the rhesus monkey, but the collagenous connective 
tissue is denser than in either of these two other primate forms. This denser 
appearance of the connective tissue, which may be taken toimply a lesser degree 
of intercellular oedema, is an indication of the relatively small amount of 
swelling that was induced by the oestrin injections. 


IV. DISCUSSION 


The experiment clearly indicates that oestrin activates the sexual skin of 
the chimpanzee. It is, however, difficult to understand why a dose of the hor- 
mone as large as 22,000 R.v. failed to produce more swelling than it actually did. 
80,000 M.u. of oestrin were necessary to produce full swelling in the baboon 
(Parkes and Zuckerman, 19381), and this amount on any conservative estimate 
of the relation of mouse to rat units could hardly have been more than that © 
given the chimpanzee. Smaller doses are also effective in the baboon. Accord- 
ing to Schoeller, Dohrn and Hohlweg (1933), complete swelling can be produced 
in the baboon by 6000-8000 R.v. of oestrin when given by mouth, or 2000 R.v. 
when injected intramuscularly (these investigators used the same preparation, 
Progynon, as was used on the chimpanzee). Full swelling in the baboon is 
much greater than the swelling shown by the chimpanzee of the present experi- 
ment. Full or nearly full sexual-skin swelling can be achieved in the mangabey 
with amounts of oestrin in the neighbourhood of 7000 R.u. (van Wagenen and 
Zuckerman, 1933)—and even smaller doses are effective in this animal. Full 
swelling in the adult mangabey, in actual volume, can be little less than the 
amount of swelling shown by Kani in this experiment. 

Schoeller and his co-workers have shown that in the administration of a 
given and constant number of rat units of oestrin to a baboon, the sexual-skin 
response varies according to the strengths and spacing of the separate doses. It 
is therefore possible that in the experiment with the chimpanzee the injections 
were spread over too long a time, and that better effects would have been 
achieved in a shorter course of injections and with bigger doses of oestrin than 
a maximum of 2000 R.u. a day. Another possible explanation of the small 
swelling is the fact that the localising process of oedema, which activity of the 
sexual skin appears to represent in large part, was contending in the experi- 
mental animal with the dehydrating effect of constant severe diarrhoea. It is 
unlikely that part of the explanation of the small amount of swelling lies in the 
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fact that the animal’s sexual skin had never swollen under natural conditions 
beyond the point achieved experimentally. Oestrin can produce enormous 
swelling in immature rhesus monkeys which have never shown natural sexual- 
skin swelling. 

The manner in which the sexual-skin swelling developed in the experimental 
chimpanzee has bearings on the morphological homologies of the external 
genitalia in mature females of this species of ape. Text-fig. 2 is an accurate 
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RIMA PUDENDI 


Text-fig. 2. External genitalia of immature female chimpanzee. 


representation of the anterior sexual-skin area of the control chimpanzee whose 
uterus is shown in Plate I, fig. 2. At the time of her death this control animal 
did not manifest any sexual-skin swelling. A prominent midline groove in front 
of the praeputium clitoridis divides the hair-bearing area anterior and lateral 
to the rima pudendi into two massive rolls of fibro-fatty tissue. These rolls 
appear to be the homologues of the labia majora!. They are far less affected by 
oestrin than are the unpigmented tissues which bound the rima pudendi, and 
the swelling of which, together with that of the immediate circumanal area, 


1 Dr G. B. Wislocki, of Harvard University, informs us that his studies have led him to the 
same conclusion. : 
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forms the major part of the swollen sexual skin of the mature chimpanzee. It 
follows therefore that, in mature females of this species, the labia majora are 
represented by the anterior part of the cushion of pigmented skin which forms 
a base for both the unpigmented swollen praeputium clitoridis and the swollen 
labia (homologous with the labia minora) which bound the pudendal cleft. 

The fact that uterine bleeding was not observed after ovariectomy in the 
chimpanzee can be attributed either to the short interval (10 days) between the 
operation and the beginning of injections, or to the immature condition of the 
ovaries. The second alternative appears to be the more probable. Judging by 
the small follicles they contained, it is unlikely that much oestrin was being 
secreted at the time of the removal of the ovaries, an inference borne out by 
the fact that sexual-skin swelling had not occurred in the three months previous 
to the operation. In the circumstances the uterus at that time could not have 
been greatly influenced by the hormone, so that it would not have been seriously 
affected by the removal of the ovaries. 


‘ V. SUMMARY 


1. Uterine bleeding did not occur during the ten days following the removal 
of the ovaries of an adolescent and ailing chimpanzee. 

2. A course of injections of oestrin was begun 10 days after the operation 
and continued for 20 days. A total of 21,166 R.u. was administered. Swelling 
of the sexual skin began on the third day of injections and persisted until the 
animal was killed, on the day of the last injection. At no time did the swelling 
exceed the amount characteristic of pubertal chimpanzees, or the amount the 
animal had shown during a year of recurring periods of sexual-skin swelling. 

8. With the exception of the uterus, the histological changes in the repro- 
ductive organs effected by the injections were similar to those reported for 
macaques and baboons. Instead of the usual moderate degree of endometrial 
hyperplasia, the uterine mucosa showed excessive mucosal growth, with 
glandular dilatation and cyst formation. 


We owe thanks to Dr R. M. Yerkes for his generosity in allowing us to 
consult his laboratory protocols, and to Dr Oliver Kamm of the Parke Davis 
Company and to Dr Gregory Stragnell of the Schering Corporation for so 
liberally providing the supplies of oestrin. 
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EXPLANATION OF PLATE I 


Fig. 1. Uterus of experimental chimpanzee after administration of oestrin, showing excessive 
hyperplasia. 

Fig. 2. Normal uterus of control chimpanzee (about the same dental age) showing resting endo- 
metrium. 

Fig. 3. Vaginal epithelium of experimental chimpanzee showing cornification and sloughing. 

Fig. 4. Swollen sexual skin of experimental chimpanzee showing cornification of surface epithelium 
and oedematous condition of underlying tissues. 
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THE VASCULARISATION OF CARTILAGE 


By D. J. HURRELL 


Hambleden Department of Anatomy, University of London, 
King’s College 


INTRODUCTION 


Axrnoven a great amount of research has been done by the continental, 
particularly by the German authors on the subject of the vascularisation of 
cartilage, the majority of English text-books either state that cartilage is 
avascular or contain only a few scattered facts. Since the subject is of import- 
ance in the persistence of the permanent cartilages and in the ossification of 
the short bones and epiphyses, it was thought worth while to verify and, if 
possible, to amplify the findings of these workers and to bring them to the 
notice of English readers. 

The presence of blood vessels in canals in cartilage (epiphysial) was known 
to Hunter in 1742 (1). Since that time, until the work of Parsons (2) in 1904—5, 
_ no attention has been paid to the subject in the English writings. He noted 
vascular canals passing from the shaft marrow spaces of a long bone to a newly 
formed epiphysial ossific centre and thought they were the route by which 
blood and osteoblasts reached the new centre, but did not mention the earlier, 
purely nutrient development of vascular canals. Instead, he stressed the 
current view that when a mass of cartilage has passed a certain bulk the deepest 
cells are so under-nourished that they die and the cartilage calcifies and ossifies. 

The mass of German literature on this subject that accumulated in this 
interval cannot be given in detail here. In v. Mdllendorff’s Handbuch der 
Mikroskopischen Anatomie des Menschen(3), in the section on cartilage by 
Schaffer, a full summary of it is given, quoting the work of over fifty authors. 
Only a brief summary of the earlier work will be included here, and where 
references are not given to original papers they will be found in v. Méllendorff’s 
Bibliography. 


PERMANENT CARTILAGES 


E. H. Weber (1827) described canals containing each an arteriole and several 
small veins entering the costal cartilages in Man at birth and during adolescence. 
They entered from the concave surfaces and ran distally in the long axis for 
a good distance, but branched little. 

Leydig (1856) described vascular canals in the permanent cartilage of 
sturgeons and rays. 

Koelliker (1856) described similar canals in the nasal and laryngeal carti- 
lages of Man, and Bubnoff and S. H. Weber (1868) and Briickner (1873) 
described them in the costal cartilages of Man and other animals. 
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Heitzmann (1873), followed by Kattowitz (1879) and Retterer (1900) (4), 
believed that the canals and vessels were formed by the fusion of “‘ Blood Is- 
lands” in the cartilage, though Miiller (1857) had shown that islands isolated 
in the body of the cartilage did not exist. 

Langer (1876) (5) described canals in temporary and permanent cartilages 
and held that their content, besides vessels, was a connective tissue rich in 
nuclei, and in which granular cells were present, while Meyer (1849), Virchow 
(1853), Kattowitz (1879) and Koelliker (1889) believed it to be the same as 
bone marrow. Kolmer (1928) also takes this view, stressing the presence of fat 
cells. He did not find giant cells. This view is also followed by Linberg (1925) 
and Nevinny (1926). 

Stieda (1872), Strelzoff (1872), Koelliker (1873) and Budge (1876) held that 
the whole canal contents penetrated actively from the deeper perichondrial 
layers, while Langer, though deriving the “marrow” from the break up of the 
cartilage, held that the vessels penetrated actively. Hintzsche (6) agrees with 
the latter view, but holds that the extravascular tissue is connective only. 

Other workers such as Rheiner, Schottelius, Chievitz, Sauer, Viehman, 
Brdéske, Pascher, Schaffer and Dochow have demonstrated vascular canals in 
the laryngeal, cricoid, tracheal and nasal cartilages of Man and animals from 
the seventh foetal month to old age. 

Linberg (1925) followed the development of. the vessels in the costal 
cartilages in Man from five months to old age. He found them first near the 
end of the first year entering the surface area of flattened cells. In the fifth to 
tenth year they reached the middle of the mass. Later, he found in the long 
axis one or two repeatedly interrupted canals containing three or four thin- 
walled vessels lying in the spaces of a connective tissue net and with which the 
vessels coming in from the perichondrium anastomosed, bending mostly 
towards the sternal rib end. From the twentieth year on he found marrow 
elements in these central canals. Towards the sixtieth year the marrow cells 
atrophy and the canals appear to be filled in with a mucinous mass. The number 
of canals he found to diminish with age. These findings were confirmed by 
Henschen (1925) by X-ray photographs after red lead injection. Leblanc and 
Sayog (1927) and Popoff (1930) also confirmed them. 

Schaffer (3) has demonstrated that the costal cartilages of the elephant are 
well vascularised at the seventh foetal month, presumably on account of their 
great size, and the vessels are still present in old age. 


TEMPORARY CARTILAGE 


The earlier writers mentioned above also described vascular canals in the 
temporary cartilages of the short bones and ‘epiphyses, but since most of their 
work was not done on serial sections it will not be further mentioned here. 
Retterer (4) gives a full historical account of French work on the vascularisation 
of cartilage up to 1900. 
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Langer (5) was chiefly interested to find if the vascular pattern in temporary 
cartilage corresponded with that after ossification. He found that it did. He 
described the vascular canals as each entirely independent and thought that 
the connection of the canals coming from the perichondrium with the shaft 
marrow cavity was secondary, brought about by outgrowths from the shaft 
vessels. He stated that the first canals to enter cartilage did so in the third 
foetal month from the popliteal surface of the femur. Langer’s findings were 
for the most part confirmed by Friedlander (1904), Lexer (1904) (7), Kajava 
(1919) and Hintzsche (6). 

Lexer (7) studied chiefly the regional arrangement of the vessels and divided 
them into dia-, meta- and epiphysial sets. By methods of injection he made 
out that the diaphysial vessels did not reach the actual growing end of the 
shaft, or only occasionally. This growing section, the metaphysis, had its own 
supply from the periphery. In growing bones this supply did not anastomose 
with the true diaphysial supply (nutrient artery). From the metaphysial supply 
- some big vessels ran through the growing end into the cartilage of the epiphysis. 
The vessels of the epiphysis converged from its perichondrium, and one section 
of them bent round to the growing diaphysial end, some piercing it. There were 
thus two sets of vessels perforating it. As the epiphysial vessels were taken 
into the shaft bone by its extension they remained for a long time with but 
little connection with the shaft blood supply. 

A. Bidder (8) determined that the vascular canals in epiphysial cartilage 
were of two kinds: simple, going into the epiphyses from the surface beyond 
the osteoblast-bearing area of the shaft periosteum and containing only em- 
bryonic connective tissue and blood vessels, and longitudinal perforating canals 
going through the growing end of the shaft from the diaphysial marrow cavity 
into the epiphysis. The two sets he thought to be entirely separate. The simple 
canals only contained osteoblasts accidentally when they entered very close 
to the end of the shaft, and the longitudinal were the only regular source of 
osteoblasts and blood for the new centre. Bidder also gives the third foetal 
month as the time of entry of the simple canals, while the longitudinal per- 
forating begin about a month later, containing osteoblasts from the first. The 
total number of perforating canals in the largest epiphyses is stated by Bidder 
not to exceed fifteen. In the short bones Bidder held that the vascular canals 
corresponded with the simple canals of the epiphyses, but that here they 
carried osteoblasts. His work was not done on serial sections. 

Kajava (9) held that vascular canals in cartilage arise firstly by inclusion of 
the capillaries of the mesenchyme. Later, a new set of vessels perforate through 
from the shaft. The first set is then gradually occluded by growth of the 
cartilage around and leaves no trace, while the second increases in size. He 
describes the canals as growing by connecting up with constantly forming 
blood islands. 

Stump (0) mentions that before ossification begins in the epiphyses canals 
carrying blood vessels and connective tissue enter them. 
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Hintzsche (6) has reconstructed the vascular canals in the lower end of the 
femur at fifteen stages, and finds that the arrangement of them is not centri- 
petal but such as to distribute the blood most evenly through the whole mass. 
He suggests a chemiotaxic influence from the areas of poorest nutrition as the 
force directing the canals, thus explaining why those nearest the bone end bend 
round into the zone of rapidly growing cartilage cell rows. He agrees with 
Langer that the connection of these latter canals with the diaphysial marrow 
spaces is brought about by new canals growing from the marrow, though his 
evidence for this is two small irregularities on the end of the diaphysis in one 
of his models. Although he describes “connective tissue septa” as extending 
from the ends of canals among the proliferating cartilage cell rows he does not 
suggest the ultimate fate of the canals in this region. His theory as to how the 
canals actually advance through the cartilage is that they do so by chondrolysis 
and dedifferentiation of the cartilage into embryonic connective tissue which 
then lines the canal. He does not suggest any relationship between the canal 
pattern and the site of the future ossific centre. 

In the English literature, besides the references given above to Hunter and 
Parsons, it is mentioned by Bardeen in Keibel and Mall (11) that epiphysial 
cartilage contains vascular canals from the third foetal month and that some 
perforate through into the shaft marrow spaces. 

Schafer in Quain’s Anatomy (12) takes over a short account of A. Bidder’s (8) 
work, 

J. Fraser (13) states that the epiphysial discs in childhood have blood vessels 
passing through them. 

Cowdry (14) has a similar account to that in Keibel and Mall. 

Maximow (15) simply states that cartilage is avascular. 

Harris (16) states that cartilage is a relatively avascular tissue nourished by 
diffusion of soluble materials from the perichondrial vessels, that vessels do 
not penetrate the epiphysial cartilage in the normal growing animal, and that 
when they do enter an epiphysis they never communicate with the diaphysial 
vessels. Again (17): “Cartilage is essentially an avascular tissue....There is a 
limit to the size of such an avascular mass. Once this size has been surpassed, 
the cells at the centre undergo death with degeneration of the matrix. . . which 
may be accompanied by calcification. Such calcified tissue may be replaced 
by bone.” 

Haines (18) has evolved a method of making transparent models of cartilage 
masses, thus showing the anatomical form and arrangement of the cartilage 
canals, and finds that the epiphysial and short bone ossific centres-begin in 
zones that are left avascular. He suggests that the canals first get into the 
cartilage by inclusion of perichondrial vessels by the surface appositional 
growth of the cartilage mass and not by active penetration or chondrolysis. 

In the French literature Retterer (4) has already been mentioned. 

Bertrand (19) used the Spalteholz technique and cut serial 5 mm. sections 
of the epiphyses. He described the vascular canals as entering from the cap- 
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sular network of vessels and then breaking up into three successive arcades, 
the last branches being terminal. He found no anastomoses between adjacent 
vessels, and none went through into the diaphysis. 


MATERIALS AND TECHNIQUE 


All the materials used were human with one exception noted later. Serial 
sections of foetuses of 12, 19, 40 and 60 mm. were examined: for the earlier 
stages. For permission to use these I have to thank Dr R. J. Gladstone of this 
College. 

All foetal lengths given are c.R. 

Serial sections were made of the whole foot of 9, 10-5 and 15 cm. foetuses 
and stained with haematoxylin and eosin or van Gieson. A second tarsus at 
15 cm. was cut and stained with Heidenhain’s iron haematoxylin. 

80-40 sections were cut of the tarsus of each of 15, 18 and 21 cm. foetuses 
and the cuboid of a 16 cm. was cut serially. Stain, haematoxylin and eosin. 
50 sections, not serial, were cut coronally of the carpus of the 10-5 cm. The 
whole hand of the 15 cm. was.cut serially. Stain, haematoxylin and eosin or 
van Gieson. 

For the work on the epiphyses, all the long bone ends were cut serially and 
sagittally at 9 and 15 cm. stages and again coronally in a second 15 cm. foetus. 
Stain, haematoxylin and eosin or van Gieson. 

A few longitudinal sections of the upper ends of tibia and humerus at birth 
were also used. 

For the later stages when ossification in the epiphyses is well advanced, 
human materials were not available to me. For these stages the lower end of 
the femur of guinea-pig at 6, 12, 18 and 24 months was used. Sections were 
serial and longitudinal and stained as above. 

The method of following out the canals, besides that of following them in 
the serial sections, was to make serial projection drawings at about 15 mag- 
nifications and trace the canals by numbering them. Three of these sets of 
drawings were then used to make schematic line reconstructions. The linear 
reconstruction of the canals in the lower end of the tibia was made by super- 
imposing the projection drawings directly and is therefore to scale (Text-fig. 1). 


TARSAL AND CARPAL VASCULAR CANALS 


At the 12mm. stage no vessels are present in any of the precartilage 
masses; nor are there any in the perichondrial layers. This would appear to 
negative right at the outset that the vascular canals begin by inclusion of the 
mesenchyme capillaries. 

At the 19 mm. stage many large, thin-walled vessels are found in the deeper 
layers of the perichondrium, but none enter the cartilage. 

At the 4 and 6 cm. stages no further advance is seen in these cartilages. 

In the 9 cm. stage the first beginnings of vascular canals are seen entering 
the largest cartilages, os calcis and astragalus (Plate I, fig. 1). Plate I, fig. 3, 
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which is of an earlier vessel seen entering the lower end of the femur, is similar 
in detail to a higher power view of these vascular canals at 9 cm. 

The canals have not penetrated to the depth of more than 4-5 cartilage 
cell bodies, and each contains one vascular loop whose wall is only one cell 
thick. The other cellular content cannot be distinguished from that of the 
deeper perichondrial layers. There is the same fibre content and the nuclei are 
the same, rounded or oval, large, pale staining and giving the appearance of 
activity. There is no sharp boundary between the canal contents and the 
cartilage around, just as there is none between the perichondrium and cartilage. 
At the end of each canal the endothelial vessel wall is seen lying in direct 
contact with the cartilage. 

At the 10-5 cm. stage little advance is to be noted, except that canals are 
commencing to enter the other cartilages in the order of their size, cuboid, 
navicular and first cuneiform. 

At the 15 cm. stage the canals have reached almost to the centre of the 
larger cartilages, but are still about half-way in the smaller. Plate I, fig. 2, is a 
general view of the os calcis at this age. The actual articular cartilage is never 
at any time invaded by vascular canals. 

Each canal now contains usually one arteriole and three or four veins in its 
proximal part. Traced deeply, the veins are seen to become hugely dilated 
(Plate III, figs. 4 and 5), indicating a very sluggish stream. Deeper still the 
arteriole breaks up into a bunch of capillaries which almost fills the canal 
(Plate ITI, fig. 6). 

The cell content and wall of the canals are now seen to differ at different 
levels from the surface. At first, as the canal passes through the superficial 
layers, the appearance is that shown in Plate III, fig. 4, a photograph of the 
15 cm. os calcis stained with iron haematoxylin. The boundary between canal 
and cartilage is not sharp, but there is a gradual transition between cartilage 
and embryonic connective tissue. Going towards the canal from the general 
body of the cartilage the cell bodies are seen to enlarge while the mafrix be- 
tween is reduced, until the cavities containing the cells are opened and merge 
into the canal lumen. The cartilage nuclei over the same ground change from 
the pyknoid, quiescent type of resting cartilage gradually to the large, pale 
staining, active appearance of those of young connective tissue. This change 
from rest to activity is the opposite of what occurs in the transition zone be- 
tween resting cartilage and the rows of swollen cells approaching an epiphysial 
plate, where the change is one of degeneration only. In the nuclei of the canal 
connective tissue cells there is also a change to be seen from the rounded or 
oval types just described to the elliptical or spindle-shaped nuclei more cha- 
racteristic of fibrous connective tissue. These spindle-shaped forms lie centrally 
around the vessel trunks. The connective tissue lining the canals can be traced 
into continuity with the loose deeper layer of perichondrium (Plate III, fig. 3), 
from which it does not differ. Plate ITI, fig. 5 shows the structure of the canals 
at a deeper level in the same os calcis. The veins are now widely dilated and 
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the wall shows the same transition as in Plate ITI, fig. 4. The collagenous fibres of 
matrix and lumen are continuous. Plate III, fig. 6, shows a cross-section of the 
tip of a canal where it has reached its deepest level near the future site of the 
ossific centre. The canal is filled by a bunch of capillaries lying in direct contact 
with the wall, and the connective tissue is small in amount and its nuclei are 
all fusiform. There is now no transition between cartilage and lumen contents, 
but a sharply cut wall with a distinct fibrosis. 

The tarsus of the 16 cm. foetus shows only that the vascular canals have 
grown wider, while the detail and changes along their course remain the same. 
In this stage and in the preceding the tips of the blind and rather clubbed ends 
of the canals do not reach nearer the zone of swollen cells which marks the site 
of the future ossific centre than about 20-30 cartilage cell bodies. All the 
cartilages of the tarsus are now well supplied with blood, there being 45 canals 
in all entering the cuboid which was cut serially. 

In the 18 cm. tarsus the canals have increased as before in volume and 
branching but are no nearer the coming ossific centre. 

In the os calcis and astragalus of the 21 cm. foetus definite ossific centres 
are present. Into each vascular canals can be traced. All the surfaces covered 
by perichondrium contribute canals to the centre and not only those of the 
tarsal sinus as was stated by Bidder. There is also no appearance of a pre- 
liminary formation of a thin scale of perichondrial bone to be seen, which, 
according to Bidder, acted as the parent supply of osteoblasts to the new centre. 
The connective tissue cells of the canals at this stage when bone formation has 
commenced differ in no recognisable way from those in the younger ages, so 
that their development into osteoblasts must occur in the centre itself. 


ANATOMICAL ARRANGEMENT AND FORM OF THE 
VASCULAR CANALS IN THE TARSUS 


Vs cular canals are seen to enter the cartilages from any perichondrium- 
covered surface but not from the areas of attachment of ligaments and tendons. 
They come, therefore, from any area where vessels are already present, but are 
larger and more numerous from the grooves and sulci. The tarsal sinus is the 
chief source of supply to the os calcis and astragalus and the peroneal groove 
for the cuboid. Special areas are not noticeable for the others. 

The vessels in the canals, since they consist in each of an entering arteriole, 
a bunch of capillaries and several returning veins, are, so far as the writer is 
aware, not seen to form anastomoses. The canals vary in length from very short 
ones, only a few cells deep, to those reaching almost the middle of the masses. 
A central non-canalised zone is left, but not of greater extent than the peri- 
pheral areas between the canals. The canals have up to 10-12 side branches, 
not of any special pattern. Bidder and Hintzsche describe the dichotomous as 
very common. No constancy could be made out between the pattern of the 
canals in the same cartilage at different ages. 
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The total numbers of canals seen in the largest central sections of the os 
calcis, astragalus and cuboid at 15 em. were 30, 23 and 12 respectively, so that 
the distribution is about proportional to size. Plate I, fig. 2, shows a section of 
the os calcis at this stage. 

Carpus. The sections of the carpal cartilages showed that the behaviour of 
their vascular canals is the same as of those in the tarsus, except that, owing 
to the smaller size of the masses, vascularisation does not commence till the 
15 cm. stage. As in the tarsus they are canalised in the order of their size. 


VASCULARISATION OF THE TEMPORARY CARTILAGES 
OF THE LONG BONES ; 


In the earlier foetuses examined, of 12 and 19 mm., before any bone forma- 
tion has begun there are no blood vessels in any of the diaphyses. Only in the 
second are there any perichondrial vessels and these are very numerous and 
thin walled. 

In the 40 mm. stage ossification has commenced and extended to about a 
quarter of the length of the shaft. Apart from the vessels which have irrupted 
with the osteoblasts to form the ossific centre there are no other vessels 


present. 

In the 60 mm. stage what is left of the shaft cartilage is still avascular, but 
the first vascular canals are now found penetrating a few cells deep into the 
popliteal surface of the lower end of the femur and from the bicipital groove 


into the upper end of the humerus. Plate I, fig. 3, already described, shows one 
of these commencing canals in the femur at this age. This age for the start of 
vascularisation of the larger epiphyses, the third foetal month, agrees with that 
found by Langer, Bidder and Hintzsche. 

At the 9 cm. stage the upper end of the humerus has vascular canals pene- 
trating to about a quarter of its thickness. Most enter beside the capsular 
attachment, many also from the bicipital groove and some from the surface 
generally. Those nearest the growing end of the diaphysis bend round towards 
it, while the rest enter and run perpendicular to the surface. Canals do not yet 
enter the zone of cartilage cell rows. 

The other epiphyses of the arm at this stage show a similar picture with the 
canals at less developed stages proportional to their sizes. 

The upper end of the femur at 9cm. and also the later stages shows 
peculiarities due to the fact that the region of the actual upper epiphysis is 
almost all articular and hence has no perichondrium and also to the fact that 
the diaphysial bone formation is late in extending up the neck of the bone. 
Plate I, fig. 4, is of a longitudinal section of the upper end of the femur at this 
age. Bone has developed only to the level of the lower border of the base of 
the lesser trochanter. The upper part of the mass of cartilage thus left has 15-20 
canals reaching into it radially. They reach almost to the centre of the mass but 
not into the region of the articular epiphysis. The lower part of the mass has 
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a separate supply canal which enters at the level of the lesser trochanter, bends 
round and perforates into the shaft marrow spaces. This perforating canal is 
the only one found at this age and the upper end of the femur is the only part 
which has the diaphysis vascularised before ossification. 

The lower end of the femur at 9 cm. shows two main sets of vascular canals, 
one from the front, just proximal to the articular surface, and one from behind, 
from the popliteal surface and intercondylar fossa. Those from this fossa do 
not enter in the attachments of the cruciate ligaments, as Hintzsche also em- 
phasises, contrary to the view of the older writers. There are other smaller canal 
groups entering the medial and lateral condylar surfaces. The anterior group 
also tends to run into the medial condyle and the posterior into the lateral. The 
more distal canals run in not radially but in a fan-shaped tuft, in such a way 
as to distribute themselves later evenly to the whole mass, while the more 
proximal, after beginning in the same way, turn round and are then directed 
to the bone end. All these vessels are at this time relatively short, not pene- 
trating to more than a quarter of the thickness of the epiphysis. 

The upper and lower ends of tibia and fibula show in general the same 
picture, those of the fibula being still very short and those of the tibia arranged 
radially for the most part, but bent towards the bone ends when entering near 
them. None are longer than a sixth of the a.p. thickness of the cartilage. 

The only canals present in the long bones of hand and foot are three very 
short ones entering the base of the first metatarsal close to the insertion of the 
peroneus longus tendon. 


HISTOLOGY OF THE CANALS OF THE 
EPIPHYSES AT 9cm. 

The contents of the canals here and the structure and changes in their walls 
do not differ from the general account given for those in the tarsal cartilages. 
A limiting fibrous zone is, however, never seen at this age since the canals are © 
still growing in length as well as thickness. Degenerative zones near the centre 
of the masses of cartilage, such as those described by Hintzsche at this age, 
were not seen, nor any zone of relative increase of matrix. 

No islands, such as those described by Retterer, Kajava and others men- 
tioned earlier, containing either connective tissue only or blood cells in addition, 
were found in any cartilage at any age. 


THE EPIPHYSIAL VASCULAR CANALS AT 
15cm. FOETAL LENGTH 


It was found that at this age the various stages of development of the canals 
in the different epiphyses in the order of size gave a very complete history of 
the later development of the canals. Attention was therefore concentrated on 
this age and the epiphyses of two foetuses of this length were sectioned, the 
first longitudinally and the second transversely. 
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Haines (18) has given very complete diagrammatic models of the canals in 
epiphyses and text-fig. 1 shows those of the lower end of the tibia in a full-scale 
line reconstruction made by superimposed projection drawings. About twenty 
very short canals have been left out for the sake of clearness. 

Plate I, fig. 8, is a low-power view of a cross-section of the upper end of the 
humerus at the same age which indicates the extent of the canalisation. The 
articular layers are always left avascular. 

The description given of the canals in the short bone cartilages at this age 
applies here to the parts of the epiphyses away from the growing diaphysial 
ends. A small amount of loop formation in individual canals is to be seen. A 
very few have two or more connections with the perichondrium and some also 
begin and end at the perichondrium, but there is no constancy of the vascular 
pattern in the same epiphyses in different foetuses. 


Text-fig. 1. Line reconstruction of the canals in the lower end of the tibia of a 15 cm. human 
foetus made by superimposing projection drawings of serial sections. About twenty very 
short canals were left out for clearness. The dotted line is the limit of the cartilage cell row 


zone, x95, 


The fate of the canals which in earlier stages were seen to bend towards the 
diaphysial ends can now be followed. The general picture as seen in the larger 
epiphyses is that given in Plate I, fig. 7, where it will be seen that the canals 
are now connected with the diaphysial marrow spaces. Langer, followed by 
Hintzsche and others, held that this connection was brought about by secondary 
outgrowths from the diaphysis to meet the incurved perichondrial canals, but 
Plate I, figs. 5 and 6, and those of Plate II illustrate the view taken here, that 
the connection between epipliysial canals and the shaft blood supply is prob- 
ably only accidental and functionless, brought about by extension of the shaft 
ossification into a region already invaded by canals. The canal development, as 
indicated before, is later in the small than in the large epiphyses, so that the 
process just mentioned can be seen in the different epiphyses at one age. 
Plate I, fig. 5, a low-power view of the lower end of the humerus, shows the first 
step. A canal coming from near the synovial reflection has bent round and its 
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tips only reach as far as the zone of proliferating cartilage cell rows. Plate I, 
fig. 6, is a view of the upper end of the fibula. Here the bone end reaches to 
within two or three cartilage cells from the tip of a canal. Plate I, fig. 7, a view 
of the upper end of the tibia, shows the canals and bone end met. When these 
communicating canals are followed in serial sections it is found that, even at 
this stage, not more than one in ten contains a blood vessel, four of the ten 
contain only a very condensed connective tissue and the other five have no 
lumen at all. Plate II, fig. 1, shows a canal from the lower end of the femur 
which contains capillaries. Plate II, fig. 2, shows the common type of an 
entirely closed canal, and the middle canal of the three in Plate I, fig. 7, is of 
the type containing connective tissue only. The reason for this flattening out 
of the canals is taken to be pressure from the swelling up of the cartilage cell 
rows in advance of the extending shaft bone. This gives further support to the 
view that communications between epiphysial canals and the shaft marrow 
are accidental, since the occlusion of them so quickly argues an absence of 
function. 

In no case was any canal growth seen going from the growing end of the 
shaft into the epiphysis to meet an incoming canal. 

Plate II, figs. 8, 4 and 5, are views of the same canal at different levels in 
the series of sections of the lower end of the femur. At fig. 5 it has the usual 
content of an arteriole, several wide, thin-walled veins, some capillaries and 
a packing of embryonic connective tissue. Its wall is sharply marked and the 
cartilage around shows no transition into the cell content of the lumen, from 
which it is taken that the canal is no longer growing. Fig. 4 shows this canal 
passing through the zone of cell rows, quite flattened out, and only showing | 
up as a specially thick trabecula of matrix in which the limiting fibrosis noted 
before near the end of a fully grown canal shows up by taking the counter 
stain. Fig. 5 shows the “canal” meeting the bone end. Plate II, fig. 6, is taken 
at a similar level to Plate IT, fig. 4, showing a large, branching canal almost 
entirely occluded except for a strand of fibrous tissue near the centre. 

What the fate of these communications is ultimately could not be decided 
from the present materials. They are still present at birth, as is shown in 
Plate ITI, fig. 1, a longitudinal section of the upper end of the humerus at that 
age. Blood vessels are present in it as far as a lumen can be made out. In the 
sections of the upper end of the tibia at birth similar canals were seen, as well 
as one containing connective tissue going from the shaft to the epiphysial 
ossific centre. The rest of the canals present were much wider but not more 
numerous than in the earlier ages. 

In the sections examined of the lower end of the femur of the guinea-pig 
at 6, 12, 18 and 24 months the last had bone extending through the epiphysial 
plate, but the three younger had 4—5 clefts in each leading through the plate, 
containing a very condensed, brightly eosinophil fibrous connective tissue but 
no blood vessels (Plate ITI, fig. 2). 
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METHOD AND CAUSE OF THE FORMATION OF CARTILAGE 
CANALS AND THEIR SIGNIFICANCE 


The significance of vascular canals entering cartilage from its perichondrium 
is taken to be twofold, to improve the nutrition of the cartilage mass in its 
deeper parts and to provide blood and possibly osteoblasts for the formation 
of a new ossific centre. 

The canal connective tissue contents do not differ from the loose deeper 
layer of the perichondrium, so that they are actually no more than invagina- 
tions of this layer complete with blood vessels. From this layer, in ossification 
of the diaphysis, osteoblasts are known to form, and the canals form a path 
for them in the short bones and epiphyses. In the latter, the remains of canals 
communicating with shaft marrow spaces may provide a second supply. That 
they are not solely for the purpose of ossification is shown by the great differ- 
ence in time between their entry and the start of bone formation, and that they 
are not solely for nutrition is shown by the fact that ossific centres in cartilage 
are not seen without a blood supply. In the permanent cartilages they allow 
masses of any size to persist unaltered, being developed according to the de- 
mand of the deeper cells for nutrition. 

From this it seems reasonable to infer that bulk alone in a mass of cartilage 
and consequent degeneration and calcification cannot be the cause of the start 
of ossification, since even the costal cartilages of the elephant can continue into 
old age without alteration. 

Bidder (8) did not realise that the canals perforating the bone end were 
continuous with others from the perichondrium nor that they were at once 
reduced to nothing or to mere chinks in the zone of cartilage cell rows, hence 
his theory that the perforating canals were developed specially to supply the 
new ossific centre. 

Langer, followed by Hintzsche, described the flattening of the canals in the 
zone of cell rows, but called them “connective tissue septa,” and described 
them as extending like wing processes among the cell rows, apparently missing 
the point that the “septa” were actually the ends of canals. They also held 
that the communications of the canals with the shaft were specially formed, 
which would indicate some special function. That this should at once be 
followed by occlusion and loss of function is left unexplained by them. 

With the view here given of the dual function of vascular canals most of 
the writers quoted above are in agreement, though some, such as Langer, 
Koelliker and Stoss, laid more stress on their connection with ossification. 

As to the immediate cause of the start and continuance of growth of the 
vascular canals, the theory here followed is that put forward by Eckert- 
Mobius and followed by Hintzsche, that there is a chemiotaxic influence set 
up by commencing starvation of the cells in the depths of the cartilage masses 
and by the piling up of metabolic waste products. This, according to Hintzsche, 
is also the cause of their bending round to the rapidly growing cartilage cell 
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row zone, though it seems to the writer that the rapid elongation of this region 
may also account partly for these canals being pulled into the long axis of the 
bone. 

Evidence of poor nutrition of the deeper. cells is taken by Hintzsche from 
the presence of a zone of relative increase of matrix and degeneration of the 
cells in the depths of the larger epiphyses. He found that this zone disappeared 
again after the canals had reached it. 

As to the actual mode of formation of the canals, the theory of Kajava (9) 
that they begin as mesenchymal capillaries included in the first condensation 
of cells to form precartilage is shown not to hold, since there are no vessels 
found in cartilage until the third foetal month. 

A second theory, that they enter and advance by pushing through the 
matrix and cells, does not fit in with the histological features of the canals, 
since the collagenous fibres of the cartilage are seen to be continuous with 
those in the canals. 

The “inclusion” theory supported by Haines is also mentioned by Hintzsche, 
who puts it aside on the grounds that the canals would be found to run con- 
centrically with the perichondrium if their vessels were those of the peri- 
chondrium included by appositional growth. No evidence of the remodelling 
necessary to bring such vessels into the shape actually found has been seen in 
the present work. 

The only theory left is that the canals advance by chondrolysis, the cells 
and collagenous fibre content of the cartilage being added to those already in 
the canal. Capillary endothelium is generally accepted to have the power of 
eroding tissues, and, in the canals, it is always placed in direct contact with the 
walls, The transition frequently remarked in the actively growing or widening 
parts of the canals from resting cartilage to active, then the opening up of the 
cell capsules and the passage of the cartilage nuclei into the lumen and their 
further transition into ordinary connective tissue nuclei all bear out this theory 
on histological grounds. The fibrosis in the wall limiting further growth has 
also been mentioned before. Continuity between the collagenous fibres of 
cartilage and canal also shows that the growth is local and not from without. 
Into the canals thus formed the vessels grow from the surface. 


SUMMARY AND CONCLUSIONS 


An account is given of the existing literature of the subject. 

The developmental history and final form of the vascular canals is given 
for the short bone cartilages and the epiphyses. With this is taken the forma- 
tion of communications between the epiphysial canals and the diaphyses. It 
is shown that these are probably only accidentally formed by extension of the 
shaft bone into regions already canalised, that only a few remain patent and 
they probably only for a short time, and that they appear to be functionless. 

The conclusions reached regarding the function of vascular canals is that 
they amount in effect to inflections of the deeper perichondrial layers, thus 
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carrying blood vessels and embryonic connective tissue, which can give rise 
to osteoblasts when required, into contact with the interior of the cartilage 
masses which would otherwise degenerate if dependent only on diffusion from 
their perichondrium. Their development is necessary for the formation of 
epiphysial ossific centres, but begins in the third foetal month to improve 
nutrition. They therefore make it improbable that size alone is the determining 
factor for the start of ossification in the short bones and epiphyses since the 
effects of size are neutralised by inflecting perichondrium and vessels to the 
extent required for nutrition. 

The immediate cause of the start of the canalisation of cartilage is taken 
to be a chemiotaxic influence from the deepest cells due to their commencing 
starvation and the accumulation of waste products in them. This influence 
also directs the growth of the canals, e.g. to the proliferating cartilage cell rows. 
That the canals are here overtaken by extending growth of the shaft bone is 
the cause of “communicating canals.’’ The chemiotaxic influence works until 
satisfied by canal growth, so that nutrition remains unimpaired inside even 
the largest cartilages. 

Theories advanced by others as to how the canals neil get into cartilage 
are discussed and reasons given for that adopted here, viz. that the canals 
enter and advance by chondrolysis and back differentiation of the cartilage 
to an embryonic type of connective tissue, the capillary endothelium acting 
as chondroclast, while the cartilage cells and fibres become the connective 
tissue always found packing the vessels in the canals. The vessels grow in from 
the surface layers. 


The present paper forms part of a Thesis submitted successfully for the 
Degree of M.Sc. (Belfast). I am indebted to Prof. T. Walmsley and to Prof. 
D. M. Blair and Dr F. Davies for their interest and advice during the course 
of the work. 


REFERENCES 


(1) Hunrsmr, W. (1743). “On the structure and diseases of articular cartilage.” Philos. Trans. 
vol, pp. 514-21. 

(2) Parsons, F. G. (1905). J. Anat. and Phys. vol. xxx1x, pp. 402-12. 

(3) MétLEenporFrF (1928). Handbuch der Mikroskopischen Anatomie des Menschen, Bd. u, Teil 2, 
Sections by Schaffer and Weidenreich. 

(4) Rurrerer (1900, 1905, 1906). J. Anat., Paris. 

(5) Lanesr, K. (1876). Denkschr. Akad. Wiss. Wien, Math.-nat. Kl. Bd. uxt, 1-40. 

(6) Hivrzscun, E. (1927). Anatomische Gesellschaft Verhandlungen. (1927-8) Zeitschrift fiir 
Mikroskopisch-Anatomische Forschung, 8. 61-126. 

(7) und Turok (1904). Untersuchungen iiber Knochenarterien mittels Ront- 
genaufnahmen injizierter Knochen und ihre Bedeutung fiir einzelne pathologische Vorgdnge 
am Knochensysteme, 8. 23. Berlin. 

(8) Brppzr, A. (1906). Arch. mikr. Anat. Bd. xirx. 

(9) Kasava, Y. (1919). Acta Soc. Sci. Fennicae, Bd. xtvin, S. 128. 

(10) Srump, C. W. (1925). J. Anat., Lond., vol. Lrx, p. 145. 
(11) Kerpet and Matt (1910). (Bardeen) Manual of Human Embryology, vol. 1. 


Jo 


HUR 


/ 


Fig. 7 
HURRELL—TueE OF CARTILAGE 


Journal of Anatomy, Vol. LXIX, Part 1 Plate I | 
Fig. 1 Fig. 2 
Fig. 3 Fig. 4 . 
Fig. 5 Fig. 6 
« . 
4 
he 


Journ 


HUR 


4 
7 
= 


3 
> 


HURRELL—Tue VASCULARISATION OF CARTILAGE 


Fig. 1 Fig. 
| 
‘ig 
Fig. 3 Fig 
= 
4 
Fig. 6 
Fig. 5 8. 


Jou 
3 
4 
HUI 
* \ 


LXIX, Pari 1 


HURE SLL—Tue OF CARTILAGE 


| 
Journal of Anatomy, Vo.§ 
Plate III 
Fig. 1 
Fig. 2 
‘ al : 
Fig. 3 — 
Fig. 4 
Fig. 5 
| 


(1 
(1 
F 
F 
F 
I 
I 
% 


The Vascularisation of Cartilage 


(12) Quatn’s Anatomy (1912). Vol. um, pt. 1 (Schafer), pp. 166-8. 

(13) Fraser, J. (1914). Tuberculosis of the Bones and Joints in Children. London. 

(14) Cowpry (1924). General Cytology, p. 399; (1928) Special Cytology, vol. 1, p. 708. 

(15) Maximow (Bloom) (1931). Textbook of Histology, p. 155. 

(16) Harris, H. A. (1933). Bone Growth in Health and Disease. Oxford Medical Publications, 
p. 58. 

(17) —— (1934). The Lancet, vol. 1, p. 1114. 

(18) Hates, R. W. (1933). J. Anat., Lond., vol. Lxvum, p. 45. 

(19) Berrranp (1923). C. R. Ass. Anat. 

(20) Hurrewt, D. J. (1932). J. Anat., Lond., vol. txvu, p. 211. 


EXPLANATION OF PLATES [I-III 
PuateE I 
Fig. 1. Sagittal section of the tarsal region of a 9 cm. foetus showing vascular canals entering the 
os calcis and astragalus. x 10. 
Fig. 2. Sagittal section of os calcis of a 15 cm. foetus. x8. 
Fig. 3. Sagittal section of the popliteal surface of the lower end of the femur of a 6 cm. foetus, 
showing a vascular canal at its earliest stage. x 120. 
Fig. 4. Coronal section of the upper end of the femur of a 9 cm. foetus, showing canalisation of a 
‘ diaphysis when ossification is late. x 12. 
Fig. 5. Sagittal section of the lower end of the humerus of a 15 cm. foetus. x8. 
Fig. 6. Coronal section of the upper end of the fibula of a 15 cm. foetus. x 120. 
Fig. 7. Coronal section of the upper end of the tibia of a 15 cm. foetus, giving a general view of the 
region of the communicating canals. x 75. 
Fig. 8. Cross section of the upper end of the humerus of a 15 cm. foetus to show extent of canalisa- 
tion. x6. 


Prats IT 
Fig. 1. Coronal section of the lower end of the femur of a 15 cm. foetus showing an epiphysial 


vascular canal perforating into the end of the diaphysis while still containing blood vessels. 
x 100. 

Fig. 2. Occluded canal from the same series as Fig. 1. x 100. 

Figs. 3, 4 and 5 are cross-sections of the same canal in the lower end of the femur of a 15 cm. 
foetus. x 100, 100 and 200. 

Fig. 6. Cross-section of the flattened end of a large branched canal in the upper end of the tibia 
of a 15 cm. foetus. x 75. 

Puate IIT 


Fig. 1. Coronal section of the upper end of the humerus at birth showing flattened communicating 
canal. x45. 

Fig. 2. Sagittal section of the epiphysial plate of the lower end of the femur of a twelve months 
old guinea-pig, showing clefts containing fibrous tissue persistent. x 180. 

Figs. 3, 4, 5 and 6, x 180, are of the same os calcis (stain, Heidenhain’s iron haematoxylin). Fig. 3 
is in the axis of the commencement of a canal and shows the continuity of the deep layer of 
the perichondrium with the canal connective tissue contents. Fig. 4 is a transverse section of 
a canal still actively growing. Fig. 5 shows the continuity of canal contents and cartilage. 
Fig. 6 is a transverse section of a canal near its tip, showing capillary contents and limiting 
fibrosis. 


A NEW METHOD OF STUDY OF THE BRAIN 

CAPILLARIES AND ITS APPLICATION. TO 

THE REGIONAL LOCALISATION OF MENTAL 
DISORDER 


By F. A. PICK WORTH, M.B., B.S., B.Sc., (Exam.) 


—— Joint Board of Research for Mental Disease, City and 
University of Birmingham 


‘Tue natural state of the capillaries in the cadaver or experimental animal 
cannot be demonstrated by the usual methods of injection of coloured sub- 
stances, since it is quite impossible to avoid or make allowances for artefacts 
consequent upon the necessary pressure employed. The vessels may be either 
unduly distended giving a wrong appearance of congestion, or owing: to a minute 
particle or clot remain empty thus simulating ischaemia. 

After some years of experimenting, a method of staining the contents of the 
blood vessels applicable to the demonstration of capillaries in histological brain 
section has been developed, which enables us to see exactly what is required, 
namely, states of anaemia or congestion in various regions of the brain. The 
field opened by this method is a large one, not only in mental research, but also 
ip its applications in physiology, anatomy, and pharmacology. The research has 
its limitations, since death itself intervenes between the physiologically active 
condition and post-mortem examination ; and since those pathological processes 
leading up to the death of the patient must necessarily affect brain tissue, it is 
not easy to judge the value of abnormalities even when found. It is pointed out, 
_ however, that such apparent difficulties may, when investigated by the follow- 
ing method, yield information and understanding invaluable to medical science. 
The finding of local irregularities of the vascular supply as compared with the 
remarkable evenness of the normal is a valid reason for attaching importance to 
such conditions; and associated tissue changes of cerebral softening, residua 
of blood pigment, etc., are useful in estimating the probable duration of 
existence of the lesion. The method may be used for comparing the vasculari- 
ties of all the body viscera under normal and pathological conditions. 

The method consists of the histological application of a blood stain. The 
stable blue-black pigment, resulting from the reaction between the haemoglobin 
of the corpuscles and the benzidine-nitroprusside mixture under the influence 
of a weak oxidising agent, is quite insoluble in organic fluids, and thus sections 
may be cleared in alcohol and xylol prior to mounting in balsam or oil. The 
vessels can be most conveniently studied in thick frozen sections—250 u— 
using a binocular microscope of the Greenough pattern with objectives of 
48 mm. Thinner sections stain equally well and the times of staining are les- 
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sened, but the stereoscopic effect seen in the thicker sections is of superior 
value in the study of brain tissue; highly vascular tissues from other viscera 
require much thinner sections for convenient study (e.g. 50 u for kidney tissue). 
The quantities of the reagents have been chosen carefully, over one thousand 
experiments with varying quantities, etc., having been first carried out so as 
to allow a moderate amount of latitude in excess or deficit, thus reducing the 
personal factor to a minimum. 

The initial preparation of the material is of greatest importance. Handling 
of the tissues must be done with extreme care to avoid pressure effects or 
redistribution of the blood whilst it is yet fluid within the vessels. Fortunately, 
owing to the minute size of the capillaries, applied mechanical forces must be 
quite considerable to disturb the relationships. Animal brains can be fixed in 
situ with the top of the cranial vault and a thin slice of the cerebrum removed, 
to allow penetration of the fixative. In the human cadaver the skull is best cut 
as usual with a horizontal saw-cut 1 in. above the auditory meatus and 1 in. 
above the eyebrow, then before disturbing the vault, cutting through all 
tissues and brain with a fine hack-saw blade. The part of the brain thus re- 

moved with the vault can be fixed in situ, and the remainder of the brain also 
‘fixed in situ by attaching a rubber band, i.e. a 4 in. section of a 6 in. motor-car 
inner tube—to form a basin which can be filled with fixative. 

Fixation in hot solutions or aleohol produces a remarkable contraction of the 
membranes of the brain so that the blood may be squeezed out of the inner unfixed 
regions. The mechanical pressure thus effected is enormous, so that artificial cooling 
during fixation is an advantage. 

The only satisfactory fixative is formalin hypertonic saline (approx. 10 per 
cent. of formalin and 2 per cent. salt). Fixation for short periods in Muller, or 
bichromate and formalin made hypertonic with salt, has given satisfactory 
results, but not preferable to the above. Many other fixatives have been tried 
all of which have proved unsatisfactory, especially those containing acid or 
alcohol. Salt solutions or sodium sulphite have no deleterious effect, but 
sulphates must be carefully washed away since benzidine forms an insoluble 
sulphate. 


METHOD AND REAGENTS REQUIRED 


The brain should be fixed in situ for 24 hours if practicable, then cut into 
slices of not more than 1 cm, thick and again placed in the fixative. 

(1) Fix slices in formol hypertonic saline. 2 days. 

(2) Wash well in water. Several hours. 

(3) Soak slices in “gum phenol” for 2 days, and cut sections at tia with 
freezing microtome. 

(4) Wash sections in running water for 2 hours to remove gum and 
formalin. 

(5) Place sections in shaking machine at 37°C. with constant gentle 
shaking for 1 hour in the sodium nitroprusside benzidine mixture. 
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(6) Rinse quickly in water. 

(7) Place in weak hydrogen peroxide at 37° C. with constant gentle shaking 
for 1 hour. 

(8) Wash in water. Dehydrate in 90 per cent. and absolute alcohol. Clear 
in xylol and mount in canada balsam. 

A suitable apparatus for gentle shaking is the electric revolving table, as 
used for shop-window display, set at an angle of about 12° with the horizontal, 
and revolving 14 times a minute; a table 16 in. diameter will accommodate a 
dozen Petri dishes in which the sections can be washed and stained. The whole 
apparatus is placed in a dark box or cupboard with a red electric lamp or hot 
water bottle to keep the temperature 35—40° C. 


Formalin hypertonic saline 
Formalin, commercial, 40 per cent. 100 c.c. 
Salt ‘ 20 gm. 
Water 1000 c.c. 
Gum phenol solution 


Gum arabic, coarsely powdered 500 gm. 
Water 2000 c.c. 
Phenol 20 gm. 


Warm to dissolve; filter through wool and then by pressure through a Seitz 
bacterial filter. 
Sodium nitroprusside benzidine mixture 
Sodium nitroprusside 0-1 gm. 
0-5 per cent. benzidine in 2 per cent. acetic acid 25-0 c.c. 
Distilled water 75:0 c.c. 


Dissolve the sodium nitroprusside in 20 c.c. water and add the benzidine. Make 
up to the full amount and filter. 

Solutions must be prepared immediately before use; they must not be used after 
24 hours, and exposure to strong light must be avoided. 


Hydrogen peroxide solution 
Hydrogen peroxide (20 vol.) 2 c.c. 
Distilled water 400 c.c. 


The cleared section should be transparent and practically colourless except 
for the vessels, which should show as well-defined jet black threads. The experi- 
menter is advised to stain sections of normal brain (e.g. cat) with each section 
required for study, as a control of the process, until confidence has been at- 
tained. Control animals must be perfectly healthy, as even minor ill health is 
accompanied by local abnormalities of the cerebral blood supply. The per- 
manence of the stain about equals that of other aniline dyestuffs when suitably 
mounted in acid-free balsam. Some sections over six months old show the 
vessels equal to the original staining. 

Figs. 1 and 2 indicate the usual architecture of the vessels in the cerebral 
and cerebellar cortex respectively, both show some slight but definite con- 
gestion, and minute microscopic haemorrhages can be seen in areas near the 
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centre of the second figure. Unevenness is the foremost abnormality seen in 
brains from mental patients and occurs both in relation to the size and shape 
of individual vessels and to the local cortical or subcortical blood supply, these 
are well shown in fig. 3. Congestion is often seen in local cortical areas as in fig. 4, 
or it may be confined to the deeper layers as in fig. 5. (Loss of brain cortex may 
imitate congestion by the apparent increase in vessels consequent upon collapse 
of the brain parenchyma, this is illustrated by fig. 6.) Congestion occurs also 
in the neighbourhood of focal haemorrhages in the white matter as in fig. 7, and 
adjacent to microscopic areas of meningitis, it is of course synonymous with 
encephalitis. Ischaemia is found: (a) as circumscribed loss of a single vessel of 
the cortex (fig. 8), or of the white matter (fig. 9); (b) as widespread areas, diffuse 
or involving well demarcated focal lesions of the white matter (fig. 10), indi- 
cating the earliest stage of cerebral softening; (c) it also frequently involves 
limited areas, or the separate layers of the cortex, most usually the outer third 
as in fig. 11. Microscopic capillary haemorrhages varying from pin-point to pin- 
head in size are quite commonly found either single or multiple, their shape 


' being grapelike or plane depending upon the disposition of the neighbouring 


nerve fibres. Fig. 12 shows haemorrhages near the lateral ventricle which are 
distinguishable from very recent haemorrhages by their diffuse outline; other 
abnormalities seen are, (a) thrombosis of vessels, (b) vessels bristling with 
diapedesis of corpuscles, (c) empty vessels, (d) perivascular cuffing, spaces and 
debris, (e) scars of vessels and brain membrane, (f) loss of brain parenchyma, 
(g) new vessels in granulation tissue, and (h) the method also indicates minute 
cerebrospinal fluid cysts occasionally found in the outer layers of the cortex. 


APPLICATION TO THE STUDY OF MENTAL DISORDER 


Although over a thousand sections of brains of mental patients have been 
examined, the work must be considered as still in its preliminary stage. From the 
anatomical point of view, however, interesting results have already been 
obtained. Although it is stated that the cerebrum is one of the most vascular 
of organs (14) we have found that the vascularity of the brain is far less than for 
instance that of the kidney (about one-sixteenth), which is surprising in view 
of the vascularity of the brain membranes but understandable since a large 
proportion of the brain substance consists of organic soluble “electric insulat- 
ing” material. The preponderance of vascular abnormalities is in the cerebral 
cortex; often the outer half of the cortex of the whole brain has deficient blood 
supply amounting in many cases to almost complete anaemia (see fig. 11). In 
many cases it is the subcortical part of the brain which is almost devoid of 
normal staining haemoglobin, merely the shell of the cortex showing the vessel 
stain, i.e. early stage of general softening of the brain. These and the smaller 
ischaemic areas indicate neighbouring brain paralysis (15); congestion may be 
associated with increased irritability of brain tissue. Loss of brain substance 


. follows continued ischaemia which becomes evident as a reduction of thickness 
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of the cortex (fig. 6), or as changes in pattern of the architecture; owing to the 
plastic nature of brain substance the volume of any given focal lesion becomes 
greatly reduced in course of time. Quite commonly we have found softenings of 
the brain (fig. 10), unsuspected during life, which vary in size from microscopic 
areas to an inch or more in length. These occur in any part of the white matter 
of the brain and its stem. Capillary haemorrhages are commonly seen, occur- 
ring in great numbers in the basal ganglia of the few cases we have examined 
which during life showed choreaiform symptoms. Abnormalities of the tissues 
adjacent to the lateral and third ventricles are not uncommonly present (sce 
fig. 12), and often thick-walled tortuous vessels in the basal ganglia are the seat 
of pathological changes sometimes accompanied by masses of yellow brown 
granules. 

Further statements with regard to findings might be misleading in view of 
the hitherto insufficient control of manipulation prior to fixation, which has of 
necessity occurred in the removal and sectioning of certain of the brains during 
routine post-mortems. 


DISCUSSION OF THE REGIONAL LOCALISATION OF 
MENTAL DISORDER 


In assisting others wishing to make a further study of the problem the 
following may be of practical interest: 
(1) Gosline(l) has conveniently summarised previous work upon the 


localisation of the pathological changes in dementia praecox; his summary is 
given verbatim: 


Only two writers have attempted any definite correlations between disease of cell 
layers and dementia praecox, or disease of brain areas and dementia praecox. Cotton, 
as admitted by Alzheimer, was the first to correlate disease of the second and third 
cortical layers with dementia praecox, mentioning at the same time that the fat 
occurs over the entire cortex. Southard was the first to claim a relation of disease of 
the post rolandic areas and dementia praecox of the katatonic form, and between 
disease of the frontal areas and the paranoid form. Later, Southard and his co- 
workers have shown some connection between lesions of the cingular gyrus and 
katatonia, gliosis of the thalamus and dementia praecox, and cerebellar hemiatrophy 
and katatonia. Other writers have laid emphasis in their cases on a predominance of 
the pathological findings in one layer or another, or in one brain area as against 
another, but no one has made any special claims for these observations before the 
writers mentioned above. Thus Alzheimer mentioned changes in the deeper layers at 
first, later pointing out that they occurred in the more superficial layers to a greater 
extent. Kleppel and L’Hermitte found the changes more in the zones of association, 
in the larger pyramids of the third layer of cells and in the fusiform cells of the sixth 
layer of Hammarberg. Dunton, in a case of katatonic dementia praecox, found 
chromatolysis most marked in the fifth layer of Hammarberg. Lubouchine mentions 
the molecular layer and the layer of the small pyramids; Lannois and Paviot mention 
the purkinje cells of the cerebellum; Kollac mentions increase of the glia in the 
superficial layers and in the white matter; Elmiger mentions the free edge as being 
most affected ; Orton finds the amoeboid changes more in the deeper layers and in the 
white matter; Sioli finds more change in the upper layer; Mott in the infra granule ‘ 
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layers. As for the fibres: Cramer mentions thinning of the interradiary and tangential 
systems ; Weber, of the supraradiary network ; Elisath Hall, Meynert’slayers. All have 
supportin the shape of corroborative work by other investigators. Dunton and Mascht- 
schenko claim that the frontal lobes are more affected; Zalplachita, the frontal and 
central; Orton, that the temporal and occipital are less affected than other parts. 

Marburg (2) has described cortical changes in manic depressive insanity. 
Benvenuti (3) has described the cerebellum as the psychical component of the 
brain. Other examples could be multiplied indefinitely. 

(2) Mental functions are absolutely dependent upon the integrity of the 
supply of blood to the brain. According to Trotter (15) practically all symptoms 
of intracranial lesions can be explained in terms of circulatory disturbance. 
Simple physiological anaemia of the brain as with high altitudes or diminution 
of air pressure in a Haldane steel chamber is accompanied not only by dis- 
turbed consciousness and a marked diminution of acuity of vision and hearing, 
but also by emotional instability (7). About 15 min. is the limit of cerebral 
anaemia in animals which is followed by recovery; even then, convulsions, 

paralyses, dementia or death may follow at a later period. 
_ (8) The brain does not “act as a whole” in mental processes for the simple 
reason that much of the brain mass has definitely known unconscious function 
(vital and righting reflexes, etc.). Owing to the extreme specialisation of brain 
tissue it would entail a prodigious waste of energy if all irrelevant neurones 
acted with every mental process. 

(4) Mental disorder is of the nature of a functional disturbance of physio- 
logically intact mechanisms within the brain since remissions may occur during 
which the individual is sane. Even mute and apathetic cases of dementia 
praecox of many years’ duration have shown a short temporary resuscitation of 
their memory and powers of rational conversation by means of the methods of 
cerebral stimulation devised by Loevenhart (4). McCutcheon’s case (5) main- 
tained a mute vegetative existence for 16 years, and “‘couldn’t have been more 
like a cabbage.” He then had a fatal attack of pneumonia, coincident with 
which his mental clarity returned, and he asked for his friends, with whom he 
conversed in a perfectly rational and lucid manner. 

(5) One must assume that by far the greater part of the cortex is only 
occasionally active; otherwise concentration and attention would not be 
possible. The mechanisms for these processes possibly consist in an active 
restriction of blood supply to unwanted cortical areas (anaemia =brain 
paralysis), and an increased blood supply and/or congestion (which causes 
heightened irritability of the neurones) to parts of the brain where active 
function is required. Thus mental processes are to some extent subordinate 
to sympathetic control. Dissolution of the integrity of the sympathetic 
mechanisms would, according to its extent, cause irrational thought. 

(6) Intellectual and memory processes are dependent upon the develop- 
ment and activity of the cerebral cortex. The cerebral cortex is the most 
probable localisation of subconscious memory and of the higher reflexes of 
instinctive behaviour. There must be considered the possibility that the 
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cerebellum plays a large part in the mental processes of judgment, such 
being a higher function of the valuation of difficulties in reaching and procuring 
food, for which the most important association is the spatial relationship of the 
individual—a function of the 8th nerve by otolithic elaboration. 

(7) From theoretical considerations, intelligence and memory defect are in 
the author’s opinion not themselves really characteristic of certifiable mental 
disorder. To forget past experiences is a normal physiological process ; conversely 
it is possible to demonstrate in a large proportion of mental hospital patients a 
degree of intelligence and memory which is in marked contrast to an irrational 
behaviour consequent upon their emotional state. Even in cases of confusional 
insanity or dementia, where the intellectual and memory defects constitute the 
main clinical picture, there is an accompanying underlying emotional per- 
version, which is.of more importance from the research point of view and which 
distinguishes these cases from simple non-certifiable toxic confusion or senile 
childishness and forgetfulness. Although dementia frequently follows insanity 
this may be due to the same pathological processes as affect subcortical tissue, 


and thus there is at present no justification for the localisation in the cerebral _ 


cortex of anatomical changes upon which mental disorder solely. depends. 
Mental disorder is not the simple converse of mental order, and active insanity 
is not a simple atavistic reversion to the behaviour of a normal animal. The 
following symptoms are more pertinent of insanity as such. 

(8) Cases of certifiable mental disorder include the happiest as well as the 
most miserable of mankind, every sensory stimulus may cause pleasure, one 
inmate described the asylum as the most beautiful hotel imaginable. In other 
cases the mental anguish may be so intense that they prefer death to their 
intolerable existence, and often exhibit remarkable ingenuity and intelligence 
in their methods of attempts at suicide. Pathological irritation of the thalamus 
in such cases is to be inferred from our knowledge of this aatite of the brain as 
the “‘ pleasure-pain” centre. 

(9) Almost constantly associated with mental disease are states of fear, 
varying from mild unfounded apprehension to appalling terror; these often 
constitute the motive for conduct involving injury to themselves and others. 
The closely allied symptom of rage in animals has been shown by Bard and 
Cannon (6) to have its origin in the subthalamic region. 

(10) Sufferers from mental disorder may be in a condition of such intense 
and prolonged shock that additional peripheral shock is scarcely perceived. 
Under such circumstances a patient may pull out an eye or avulse a testis with 
little if any shock reaction. 

The usual response to systemic infection may be absent, there being for 
example no pain or cough in an attack of pneumonia. There can be little doubt 
but that the “head ganglion of the sympathetic” in the hypothalamic area 
is functionally disturbed in such cases, and perhaps most cases of active 
insanity. 

(11) The association of mental disorder with metabolic and sexual dis- 
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turbances is well recognised. These disturbances may be correlated with 
pituitary hypothalamic dysfunction (see author’s publications (8,9,10)). 

(12) A frequent symptom in mental disorder, which can be distinguished 
from fear, is that of evil foreboding of the future with or without a feeling of 
unreality and occasionally a conviction of being about to die (also a common 
symptom in rabies), the whole suggesting vaso-vagal attacks. Dramatic cures 
of insanity are usually associated with violent disturbance of the “vital” 
centres by which the patient is brought nigh unto death; such are the massive 
asphyxia by CO, (Loevenhart); massive doses of hypnotic drugs; some fatal 
infections; removal of the colon (Cotton); and some attempts at suicide which 
are almost successful. 

(13) The removal of the right hemisphere of the brain by Dandy (11) even 
effected a cure of incipient mental disorder. The patient, a clergyman, had of 
course a left-sided paralysis, but nevertheless retained as far as could be 
ascertained full possession of his mental capacity; he was able subsequently for 
_ two years to conduct services, etc. (There has not yet been a case of subtotal 
- resection of the left hemisphere; but such would cause greater loss of mental 
faculty, language and intelligence being to some extent synonymous.) A 
decorticate dog may exhibit signs of mental defect but does not necessarily 
show the behaviour typical of madness. 

In contrast to the above, abnormal behaviour and symptoms of mental 
disorder are commonly found in subcortical affections such as chorea, dis- 
seminated sclerosis and post-lethargic encephalitis. Russell Brain (12) quotes a 
case of mental disorder “‘like a decorticate cat”’; and Devine (13) shows that 
dementia praecox is essentially not so much an intellectual as a vital centre 
failure. 

The reader will be able to associate the above clinical symptoms with the 
disordered functions of the basal ganglia, the thalamus and the hypothalamus 
respectively. Which of these localities is the most important and the part 
played by the cerebellum requires further research by the method suggested; 
but enough has been said to indicate that, even though our present findings 
consist of a wealth of vascular abnormalities in the cerebral cortex, it is probable 
that less recognised subcortical affections are of primary importance in the 
causation of those clinical symptoms associated with certifiable mental disorder. 
The cortical lesions present may be a source of irritation of the subcortical 
centres just as lower brain-stem affections (especially of the fifth nerve) can be. 

In the study of insanity, medical science is not concerned with the existence 
or function of a vital principle or “soul” using a material brain for its expres- 
sion; its main concern is with unhealthy mechanisms of the nervous system 
which lead to disordered conduct. The customary idea of a soul (presumed 
rudimentary or absent in animals) which controls human conduct has wrongly 
limited our conception of insanity to human beings, with the result that mental 
research has been almost exclusively directed to histological changes in the 
highly developed human cerebral cortex. There is therefore urgent need of 
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research into the existence and causes of functional derangements of subcortical 
and vital centres in cases of active mental disease by methods not altogether 
dependent upon the personal factor. If we could establish by histological 
methods, such as put forward in this paper, that pathological changes capabie 
of disturbing the function of the nerve cells or tracts occurred in certain sub- 
cortical areas in cases of active mental disorder, it would materially assist our 
conception of insanity as part of general medicine, and enable clinical pictures 
and medico-legal interpretations as to sanity to be more scientifically controlled 
than at present. 


The work has been carried out in the laboratories of the Joint Board of Research 
for Mental Disease, Birmingham. Thanks are due to my assistants, Dr G. M. Hobart, 
R. Stewart, A. T. Rennie and H. Hindle, for patient application; to the Medical 
Research Council for part of the financial assistance for the above assistants, and to 
Dr T. C. Graves for facilities for obtaining post-mortem material. Further work is in 


_ , progress. 
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EXPLANATION OF PLATES I-VI 


(All untouched photographs; magnification x 15.) 


I 
Fig. 1. Normal architecture of capillaries of cerebral cortex. There is some congestion. Parietal 
region of a man aged 53. 
Fig. 2. Normal architecture of the cerebellar capillaries. There is some congestion, and minute 
haemorrhages are to be seen at the surface near the centre of the figure. Female aged 28. 


Prate II 
Fig. 3. Irregularity of vessels and blood supply of local areas of cortex. Frontal region of an idiot 
aged 26. 
Fig. 4. Marked congestion of the capillaries of the cortex of the frontal region. Female aged 31, 
case of dementia praecox. 
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Prate IIT 
Fig. 5. Congestion of capillaries limited to the deeper layers of the cortex. Island of Reil, man 
aged 71, acute confusion. 
Fig. 6. Spurious appearance of congestion due to approximation of capillaries following loss of 
cortical brain substance. Island of Reil, man aged 19, recent mania. 


Piate IV 
Fig. 7. Areaof congestion near a small haemorrhage in the white matter. Man aged 67, arteriopathic 
dementia, 
Fig. 8. Anaemic focal area extending from surface throughout cortex. This is seen from inspection 
to be due to loss of a single vessel. Parietal region of a man aged 53, insanity with epilepsy. 


V 
Fig. 9. Loss of vessel in white matter with consequent adjacent area of ischaemia. 
Fig. 10. Small focal area of ischaemia in the white matter—the earliest stage of cerebral softening. 
Parietal region, man aged 19, recent mania. 


Prats VI 
Fig. 11. Almost complete absence of blood supply of the outer third of the cortex with normal even 
regular blood supply in the deeper layers. Occipital region of a man aged 19, recent mania. 
Fig. 12. Resolving haemorrhages near the lateral ventricle. (Recent minute haemorrhages have a 
sharp outline and are without surrounding haziness or granules.) Man aged 53, insanity with 


epilepsy. 


VARIATIONS IN THE CORTICAL LIPOID OF THE 
GUINEA-PIG SUPRARENAL WITH SEX AND AGE 


By RAYMOND WHITEHEAD 


From the Department of Pathology, Victoria University of Manchester 


Tut literature of the guinea-pig suprarenal contains many casual observations 
on cortical lipoid, but the present paper appears to be the first systematic study 
of the variations in the cortical lipoid of the guinea-pig suprarenal with sex and 
age. 

MATERIALS AND METHODS 

The suprarenals of sixty male and sixty nulliparous female guinea-pigs were 
studied. One guinea-pig was black and white, eleven brown and white, the rest 
black-brown and white. The date of birth of each was known. The diet was: 
oats; greens and hay; stewed split maize; mashes of stale bread and bran, and 
of potato peelings, bran and “thirds.” The guinea-pigs were killed in the 
morning by fracture of the neck and weighed. The range of error in each weight 
is +10 gm. Both suprarenals from each guinea-pig were placed in 10 per cent. 
formol saline for 2 days. After some hours’ hardening, each gland was divided 
transversely to ensure good fixation. Each gland was cut frozen, the sections 
being nominally 25 » thick. A section of each gland was stained with sudan III 
in 70 per cent. alcoholic solution and haemalum, and the Schultz cholesterol 
reaction was performed on another. The Schultz cholesterol reaction (Schultz, 
1925), fully discussed elsewhere (Whitehead, 1934), is a specific test in the sense 
that it is never positive in the absence of cholesterol, although it may be 
negative even when cholesterol is present. 

The structure designated in this paper “cortex” and “total cortex” is 
morphologically equivalent to the “permanent cortex” of the mouse supra- 
renal. Evidence of a structure resembling the “transitory cortex” of the 
mouse suprarenal was not found in the material under review. 


Estimation of cortical lipoid 

The term “lipoid” is used to denote “substances in the cortex stained by 
sudan III.” The terms “‘lipoid-laden cortex” and “‘lipoid-laden area” are used 
to denote the darkly stained band in the cortex visible in Plate I, figs. 2-5. The 
subcapsular rim of cells, and cortical cells scattered throughout the medulla, 
were not regarded as part of the “lipoid-laden cortex,”’ because their total 
lipoid content was very small. 

The proportion of cortex occupied by lipoid. For statistical purposes a 
numerical index of the proportion of cortex occupied by lipoid is necessary. The 
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image of a sudan III stained frozen section was projected on paper, and the 
boundaries of the total cortex and of the lipoid-laden cortex drawn. The 
drawings were weighed on a torsion balance, and the weight ratio (weight of 
the drawing of the lipoid-laden cortex)/(weight of the drawing of the total 
cortex) determined. Since the weights vary directly with the areas of the 
drawings, the figure obtained is also the area ratio (area of the lipoid-laden 
cortex)/(area of the total cortex), henceforward referred to as L/C. The values 
of L/C are accurate to the first decimal place. 

The variation of L/C in individual glands. The value of L/C was determined 
for only one section, referred to below as the “representative” section, of each 
gland. The results of the following test show that it is unnecessary to determine 
L/C for more than one section of any gland. 

Each gland from a 560 gm. male guinea-pig aged 168 days was 10 mm. 
long. The middle two-fourths of each gland, 5 mm. long, were cut into four 
slices of approximately equal thickness, and L/C determined for two sections of 
,each slice. Of the eight values so obtained for each gland, those for the right 
gland were all 0-5, six of those for the left gland were 0-6, two 0-5. The maximal 
difference, d, between an individual value (0-5) and the mean, m (0-58), for the 
left gland was thus 0-08. The ratio d/m, expressed as a percentage, is 14. The 
difference between L/C in a “representative” section, and the mean value of 
L/C that would have been obtained from a series of sections of the same gland, 
may be expected to be positive and negative with equal frequency as the result 
of mere chance. Therefore the error due to reliance on one determination of 
L/C for each gland is unlikely to affect appreciably the mean values of L/C for 
each age group, which were found from twenty “representative” sections, one 
from each of twenty glands. 

Lipoid density. The total amount of lipoid present in a section depends not 
only on the proportion of cortex occupied by lipoid (of which L/C is a satis- 
factory measure), but also on lipoid density, i.e. on the size and number of 
lipoid droplets in a unit area. The ratio L/C, of course, does not take into 
account lipoid density, and the best way of detecting differences in lipoid 
density is to compare sections directly under the microscope. In suprarenals 
from normal guinea-pigs, however, the differences in lipoid density in the 
lipoid-laden cortex are very slight. 


THE PROPORTION OF THE CORTEX OCCUPIED BY LIPOID 


The values of L/C are shown in Table I. Age (days) is shown in the top row 
of the table. Under each age there are two columns of ratios, the left column 
denoting left glands, and the right column right glands. Each pair of ratios 
represents glands from one animal. The ratios are arranged from above down- 
wards in decreasing values of L/C in left glands, and, for any one value of L/C in 
left glands, in decreasing values of L/C in right glands. The mean values of L/C 
for left and right glands, separately and together, are given at the bottom of the 
table. 
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Table I. Values of the ratio (area of lipoid-laden cortex)/(area of total cortex) in 
normal guinea-pig suprarenal. Explained in teat. — 
Males 
<1 14 28 56 84 168° 
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The body weight (grams) of each guinea-pig, for which the values of L/C are 
given in Table I, is presented in the corresponding position in Table II. The 
mean weights are shown in the bottom row. 


Table II. Body weight (grams) of normal guinea-pigs at various ages (days). 
Explained in tect. 


The mean values of L/C for left and right glands together (the figures in the 
bottom row of Table I) are shown graphically in fig. 1. The two curves are 
similar. Both rise to maxima at 14 days, thereafter falling progressively until 
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168 days, when observations ended. Except at 14 days, L/C for females was 
slightly greater than for males. 

Table III, constructed from Table I, shows the frequency of the differences 
(L/C in left gland) — (Z/C in right gland) for individual guinea-pigs. The signifi- 
cance of the mean of the differences was tested by the method of Fisher (1932). 
For each sex, P > 0-9, hence the means of the differences do not differ signifi- 
cantly from zero. It is therefore legitimate to determine L/C for a guinea-pig of 
either sex from one gland only. 

Table III. Frequency of differences (L/C in left gland) — (L/C in right gland) 
_ for individual guinea-pigs. 


0 
Males 41 12 
Females 6 44 10 
LIPOID DENSITY 
Lipoid in the subcapsular rim of cells 

Lipoid was seen in the subcapsular rim of cells in 83 per cent. of the glands. 
It occurred in the form of minute droplets. These were never sufficiently 
numerous to obscure the nucleus of any cell containing them. In a variable 
number of cells no droplets were seen. The total amount of lipoid in the sub- 
capsular cells of any single section was very small, and if all the droplets could 
be collected they would barely fill completely the cytoplasm of a single cell. 

In the remaining 17 per cent. of the glands, no droplets at all were seen in 
the subcapsular rim of cells. 

The lipoid-laden area 

The lipoid-laden area immediately adjoined the subcapsular rim of cells. 
The outer border of the area was sharp, and at this border lipoid was always at 
its maximal density. The cells were completely filled by lipoid. The rest of the 
lipoid-laden area was of fairly uniform density, although a progressive slight 
decrease in density from without inwards was often seen. The inner border of 
the area was less sharp than the outer border, and often irregular. The lipoid- 
laden area varied slightly in breadth from point to point round a section. 


Lipoid in cortical cells in the medulla 
Cortical cells were seen mingled with those of the medulla in all glands. 
A variable proportion of these cortical cells contained lipoid in 94 per cent. of 
the glands. The lipoid was in the form of droplets, larger than any seen in the 
subcapsular cells, and often identical in density with the lipoid in the lipoid- 


laden area. 
OCCURRENCE OF CHOLESTEROL IN LIPOID 


In all the suprarenals the appearances after sudan III and after the Schultz 
reaction differed only in colour, i.e. all the sudanophil substances present con- 
tained cholesterol. Lipoid-containing cortical cells in the medulla were also 
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Schultz-positive. After the Schultz reaction, lipoid appeared blue-green, 
periadrenal fat brown, nuclei of cortical cells colourless, lipoid-free cortex 
ochre, and medulla invariably colourless. 
DISCUSSION 
Limitations of methods 

It was stated above that in 83 per cent. of the glands lipoid droplets were 
seen in the subcapsular cells, and that in 94 per cent. lipoid occurred in cortical 
cells in the medulla. These percentages are probably too low because (1) only 
one section of each gland was examined, and (2) the sudan ITI was dissolved in 
70 per cent. alcohol. It is possible that more lipoid droplets might have been 
demonstrated by the technique of Romeis (1929), in which sudan ITI is used in 
40 per cent. alcoholic solution. 


Cortical lipoid in guinea-pig and mouse 

The results on the guinea-pig suprarenal may be compared with those on the 
mouse suprarenal (Whitehead, 19334). 

Resemblances. In both species, (1) the mean value of L/C was slightly 
greater in females, (2) there was no significant difference between the mean 
values of L/C derived from left and right glands, (3) lipoid was most constantly 
found in the cell layers below the subcapsular layer, and the differences between 
individual values of L/C were due almost entirely to differences in the position 
of the inner border of the lipoid-laden area, (4) lipoid was usually scanty in, or 
absent from, the subcapsular layer of cells. 

Differences. In the guinea-pig, (1) the dispersion of individual values of 
L/C was small at any age, and extremely low values were not obtained, (2) the 
mean value of L/C fell progressively from 14 to 168 days, when observations 
ended, (3) variations in lipoid density in the lipoid-laden area were smaller than 
those in the mouse, (4) lipoid-containing cortical cells occurred in the medulla. 

The appearances indicate that normally lipoid penetrates the cortex from 
without inwards only to a certain depth. Therefore, while the mean body weight 
and the mean breadth of the cortex are increasing, the mean value of L/C would 
be expected to fall. The mean body weight of the guinea-pigs was increasing 
throughout the period of observation, and greater individual body weights 
than any here observed occur at greater ages (cf. Pennacchietti, 1932). In 
mice, the mean body weight (unpublished observations), the mean breadth of 
the permanent cortex (Whitehead, 1933), and the mean value of L/C (White- 
head, 19334), are all steady after about 5 or 6 months of age. Guinea-pigs older 
than 168 days are therefore being studied in order to determine whether the 
mean value of L/C ultimately reaches a steady level. 


Practical value of the results 


It was shown above that it is legitimate to determine L/C for a guinea-pig 
on a single section of one suprarenal. The left suprarenal is recommended for 


t 

r 

fi 
a 

7 
\ 

D 

e 

0 

I 

0 
fe 

V 
J 

b 

P 
R 


The Cortical Lipoid of the Guinea-Pig Suprarenal 77 


this purpose because (1) the even contour of the medulla is undisturbed by the 
massive invagination of cortex into medulla commonly seen in the right sup- 
rarenal, and (2) it is easier to remove without damage. 

The result of plotting L/C against body weight would differ but little from 
fig. 1. The dispersion of individual weights at any age is, however, considerable, 
and in order to study the relation between L/C and body weight it would be 
preferable to construct weight groups of any desired dispersion from the data in 
Table II, ignoring the age grouping. 

The results afford guidance for the experimental study of lipoid changes. 
When a decrease is expected, guinea-pigs should be used at an age when lipoid 
normally occupies most of the cortex, i.e. at about 14 days. If an increase is 
expected the guinea-pigs should be used at an age when lipoid normally 
occupies as small a proportion of the cortex as possible, i.e. they should be not 
less than 84 days old. 


SUMMARY 

1. The proportion of the cortex occupied by lipoid was determined for 120 
pairs of suprarenals from guinea-pigs of known ages from birth to 168 days. 

2. Lipoid occupied between 0-8 and 0-9 of the cortical area at 14 days, and 
between 0-4 and 0-6 of the cortical area at 168 days. 

8. From 14 to 168 days, the proportion of the cortex occupied by lipoid 
progressively decreased. 

4. After 14 days, the proportion of the cortex occupied by lipoid was 
slightly greater in females than in males. 

5. There was no statistically significant difference between the proportions 
of the cortex occupied by lipoid in left and right glands from either males or 
females. 

6. The distribution of lipoid in the cortex is described. 

7. All the lipoid contained cholesterol. 

8. The results are compared with those obtained on the mouse and their 
value for future experimental work indicated. 


I am indebted to Prof. S. L. Baker for advice and criticism, and to Prof. 
J.S. B. Stopford for his interest in the work. The cost of the work was borne 
by the University committee on grants in aid of medical research. 
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EXPLANATION OF PLATE I 


Fig. 1. The proportion of the cortex occupied by lipoid in normal guinea-pig suprarenals. Ordi- 
nates represent the ratio (area of lipoid-laden cortex)/(area of total cortex); abscissae, age 
(days); continuous line, males; broken line, females. Data: figures in Table I, bottom row. 

Fig. 2. A relatively broad rim of cells intervenes between the gland capsule and the outer border 
of the lipoid-laden area, which appears dark after sudan III. Left gland from a male aged 
<1 day. x35. 

Fig. 3. Almost the whole cortex is lipoid-laden. Left gland from a male aged 14 days. x 30. 

Fig. 4. Lipoid is confined to the outer part of the cortex. The outer border of the lipoid-laden area 
is sharp, the inner border irregular. Left gland from a male aged 168 days. x 13. 

Fig. 5. Right gland, x 13, from same guinea-pig as Fig. 4, showing the close resemblance between 
the two glands from one guinea-pig. 

Photographs by H. C. Taylor. 
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‘ON THE REGENERATIVE POWER OF THE UTERUS 


By H. SELYE anp T. MCKEOWN 


Department of Biochemistry, McGill University, Montreal 


Wane the great regenerative power of lower animals has been studied by 
numerous investigators, comparatively little work has been done on this sub- 
ject on Mammals. The reason for this is that the regenerative power of higher 
animals is less developed than that of the lower species. We feel, however, that 
the ability of the Mammal to regenerate mutilated organs is very much more 
developed than is generally believed.. Thus we could show (see previous com- 
munication) that, if the distal end of the femur, including the junction cartilage, 
is removed in rats during the first few weeks of life, a new growth cartilage is 
formed and the growth in length is resumed (1). In the present paper we wish 
to discuss the results of experiments on the rat concerning the regeneration of 
the uterus after experimental injuries. 

In twelve adult female rats we slit both uterine horns open by longitudinal 
section, running from the ovary along the entire length of the horns to the 
cervix. The muscular elements of the wall of the uterus opened the cavity of the 
tube as soon as this operation was performed, and the mucosa came into direct 
contact with the peritoneum. 

One animal of this series was killed on the third, another on the fifth day 
after the operation. In both of them the margins of the wound, which had been 
pulled apart by the muscles of the wall after the operation, had partly closed 
again, and were connected with each other by young connective tissue cells 
(fig. 1). The remaining animals of the group were killed 14 days after the 
operation. In all of them the uterine horns were completely regenerated. It 
was impossible to detect even the scar of the incision at autopsy. Histologically 
there was no scar either in the mucosa or in the muscular wall of the uterus, and 
only the somewhat hypoplastic development of the submucosa showed the 
approximate position of the incision in some cases (fig. 2). 

The mechanism of the regeneration of the uterus is difficult to understand, 
since the muscles’ of its wall tend to separate the borders of a longitudinal 
wound rather than to bring them together. We feel that the most likely 
explanation of this mechanism is that the connection between the wound 
borders is first made by fibroblasts. Thus a young scar tissue is formed. As 
this scar shrinks the tubular shape of the organ is reconstructed. In a later 
stage the connective tissue is then replaced by small muscle cells. 

It is interesting to note in this connection that, while longitudinal slits 
along the uterine horn will regenerate so readily, transverse cuts dividing the 
tube perpendicular to its long axis do not regenerate except in rare cases. 


Fig. 1. Cross-section of the uterus of an albino rat 3 days after the organ has been opened by a 
longitudinal incision. A bridge of young connective tissue cells unites the borders of the 
wound in the lower part of the field. 


Fig. 2. Cross-section of the uterus 14 days after operation. The original shape of the organ is 
restored. No scar visible. Only slight hypoplasia of the submucosa in the lower part of the 
field indicates the site of the incision. 
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All these experiments, which we performed originally on the rat, were 
subsequently confirmed on the mouse. 

These observations give another example of the regenerative power of 
certain organs in Mammals. The histological study of our material has revealed 
the morphogenetic means through which this regeneration is accomplished, but 
the reason why the uterine tube is reconstructed after injury remains just as 
mysterious as any other process of regeneration. 


REFERENCE 
(1) Setye, H. (1934). J. Anat., Lond., vol. txvut, p. 289. 
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EXTROVERSION OF THE CEREBRAL HEMISPHERES 
IN A HUMAN EMBRYO 


By RICHARD H. HUNTER, M.D., M.Cu., Pu.D., M.R.LA. 
From the Department of Anatomy, Queen’s University, Belfast 


Tue specimen I am about to describe was obtained from a tubal pregnancy; 
it measured 85 mm. c.R. length. It presented on superficial examination what 
appeared to be enormously dilated cerebral hemispheres in which the cerebral 
tissue was directly exposed to the surface without any covering of either ecto- 


Fig. 1. Lateral view of the embryo showing the exposed cerebral hemispheres. 
Note the dark fringes of the choroid plexus. 


dermal or mesodermal derivatives (fig. 1). Dark brown-coloured “fringes” 
were present at the posterior part of each hemisphere, and these fringes had the 
appearance of the choroid plexus. Coronal sections were cut serially of the whole 
head region, and these presented certain unusual characters. 
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Sections through the mid-brain region of the head showed a deep V-shaped 
depression in the middle line, and on either side of the depression was a 
tumour-like mass of tissue, containing in its centre a mass of nerve fibres, and 
on its outer portions a thick layer of nerve cells. This tissue apparently re- 
presented the thalamus, the sections presenting an appearance exactly similar 
to that seen in the developing thalamus of the same growth period. The 
cerebral hemispheres were much larger than normal for an embryo of this size, 
and overhung the eyes. The frontal, parietal and squamo-temporal regions of 
the skull were lacking, but the chondro-cranium was normal in its form and 
state of development. The margins of the brain tissues were continuous with 
the skin margins of the head. The mesoderm from the head proper extended 
into, and partially filled, the “cavity” of the hemispheres. This tissue, at first 
sight, appeared to be developing choroid plexus, but it did not contain the 
rich development of blood vessels associated with the latter, nor was its covering 
layer composed of the cubical ependymal cells which are seen on the normal 
choroid plexus. 

Further back in the series of sections frill-like evaginations of cerebral tissue 
were seen at the line of junction of the cerebral hemispheres with the thick mass 
of thalamus on each side. Under the high powers of the microscope this tissue 
was found to consist of the typical cubical-shaped layer of covering cells, with 
the usual core of vascular mesoderm of the normal choroid plexus. These 
frill-like evaginations were the dark brown-coloured “fringes” seen on naked- 
eye examination. 

In all the sections of this series the lamination of the hemispheres was in the 
reverse order from that seen in the developing hemisphere of the normal human 
embryo of 35 mm. c.R. length, i.e. an outer fibrous layer and an outer cellular 
layer, with an inner fibrous layer and an inner cellular layer. In this specimen 
the order of the lamination was reversed, and the normal inner cellular layer 
was exposed on the surface of the hemisphere, while the fibrous layer, normally 
seen on the outer surface, was placed next the cavity of the ventricle on the 
inner surface of the hemisphere. The optic cups were normally developed as 
well as the optic nerves, chiasma and tracts. The otic vesicles were differen- 
tiated in the usual manner into cochlear and vestibular portions, and these 
were surrounded by cartilage of the petrous-temporal bone. The middle and 
external ears also appeared normal in development. The Gasserian ganglia 
were developed normally, and their nerve roots arose in the usual position from 
the pons, on each side at the junction of this part of the brain stem and its 
middle cerebellar peduncle. The cerebellum had not yet taken its adult form, 
but the embryonic lateral masses, rhombic lips and fourth ventricle choroid 
plexus were present in that stage of development usual for an embryo of 35 mm. 
c.R. length. The lumen of the spinal cord was continued upwards into the 
fourth ventricle, and thence through the Sylvian aqueduct to open to the 
exterior between the tumour-like masses of the thalami. The brain was thus 
abnormal in its development only in the fore-brain region. 
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The appearance of this specimen suggests that the margins of the fore-brain 
portion of the medullary plate had rolled outwards, instead of inwards, at an 
early stage of development, so that the normal internal surface of this end of 
the medullary tube tissue became everted (fig. 2). The thalami were thus 
brought to the surface where they lay exposed in the median plane of the 
hemisphere, with the choroid plexus extending outwards in the direction of 
what would have been the interior of the lateral ventricles if the normal in- 
version of the medullary plate had occurred. The margins of the nerve tissue 
retained their connection with the skin ectoderm, and in section the two tissues, 
medullary (nerve) tissue and the ectoderm (skin) tissue, were found to be con- 
tinuous with one another. The line of junction was not sharply demarcated 
and the embryonic skin cells blended imperceptibly into the nerve cells of the 


Fig. 2. Diagrams to illustrate the method of eversion of the medullary lips, with the 
resultant exposure of the thalami, and choroid plexus. 


cerebral tissue. A similar relation between the neural and dermal tissue occurs 
normally in early development. Bremer (1) describes it in the 4 mm. stage of a 
human embryo. In it he states that the closure of the medullary tube is “in- 
complete in the anterior part of the head, and also for a considerable distance 
from the end of the tail, giving both an anterior and a posterior neuropore.” 
The fore-brain he describes as being divided into two parts, one of which 
includes the anterior neuropore marked by the “rolled” ectoderm where it 
joins the skin, as it did in the specimen which I have just described. 
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Cerebral Hemispheres in a Human Embryo 


DISCUSSION 


This specimen appears to be an anomaly of an exceedingly rare nature. 
Schwalbe (2) makes no reference to the condition, and in the literature I can 
find only one case which resembles it. It is described by Sternberg (3) in an 
embryo of 5 mm. c.R. length. But in Sternberg’s specimen two openings 
occurred in the cerebral area, one in the mid-brain and one in the fore-brain 
region. The skin ectoderm he described as being in direct continuity with the 
tissue of the brain wall in the region of these two openings, just as brain and 
skin junction were in my specimen. Sternberg’s specimen would appear to be 
either an early stage in the development of extroversion of the brain, or, as it is 
such a young embryo, it is more likely to be a case of delayed, or of abnormal 
method of closure of the neuropore. From notes in a personal letter from 
Dr George L. Streeter, I learn that in the collection at the Carnegie Laboratory 
of Embryology, Baltimore, Md., there is an embryo of the 16-somite stage in 
which there is a defect in the development of the fore-brain similar to that 
which I have here described. 

The condition would appear to be a closely similar one to that of spina 
bifida aperta, i.e. the flat spine form in which the spinal cord is uncovered, but 
affecting the cephalic end of the medullary plate region only, instead of the 
usual caudal end. My specimen also differs from true spina bifida in that the 
neural tissue has undergone the differentiation of normal development. But in 
spite of these differences the aetiology of the two conditions, spina bifida and 
extroversion of the fore-brain, would appear to be the same. Wheeler(4), in 
discussing the aetiology of spina bifida, suggests that it is due to failure of the 
neural tube to separate from the skin, i.e. that the skin connection inhibits the 
differentiation of the nerve elements from the medullary plate by a process un- 
explained by him. My specimen does not support such a view, as the brain 
tissue is differentiated into the layers normal for an embryo of this size, and as 
already stated there is a persistence of the neuro-dermal junction. 


SUMMARY 


1. An unusual case of extroversion of the fore-brain is described in a 
human embryo of 35 mm. c.R. length, obtained from a tubal pregnancy. 

2. Unusual features noted are a reversed order of the normally developed 
cellular-fibrous layers of the cerebrum, and a persistence of the neuro-dermal 
junction, and exposure of the thalami to the surface. 
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SOME MECHANICAL FACTORS IN THE EVOLUTION 
OF THE CENTRAL NERVOUS SYSTEM 


By R. DOUGLAS WRIGHT, M.S. 
Melbourne 


In 1845 Baillarger pointed out that the reason for fissuring of the nervous 
cortices is that the surface increases in proportion to the square of the radius 
and that the volume increases in proportion to the cube of the radius. To over- 
come this geometrically increasing loss of relationship, fissuring with increase 
of surface irrespective of radius but relative to the volume of the core or medulla 
takes place, i.e. the cortex becomes multicentric instead of unicentric. . 

So far the explanation is clear. But why should the surface be such an 
important feature of the architecture of a more complex nervous system? 
Ariéns Kappers (1) does not agree with the suggestion of Duret and Ranke that 
it is a problem of pial vascularisation ; he indicates that the incidence of cortex 
formation is probably associated with increase of fibre connection. The layering 
associated with increased fibre connection is as simply explained mathematic- 
ally as the folding of the cortex. Let us consider a number (n) of cells on a 
plane; to each of these cells there are two fibres connected, one afferent, the 
other efferent. Suppose each cell (including processes) to have a cross-sectional 
area of 1200 yu? and each fibre to have a cross-sectional area of 30 u?. Then, if we 
wish to impose another layer of cells on the first, the fibres of the first layer to 
pass through that stratum, the area available for these cells will be less 
than that for the first layer by 2n.30 7. In this instance therefore the limit to 
the thickness of such a cortex is twenty cells; incoming and outgoing fibres 
crowd out the cells at this depth. Simply: 

sectional area of cell (fig. 1) 
sectional area of fibres to each cell‘ °° “ 

Despite the corridoring of the cortex by cortical rays and the bands of 
Baillarger and Bechterew the same limitation must apply in areas so marked 
out. 

How then does this fact affect our outlook on the evolution of the nervous 
system? For adequate association of areas subserving functions varying both 
in type and location fibre connection is necessary. The more complete this has 
become the greater has been the functional achievement of the central nervous 
system so arranged. Such a large influx and efflux of association fibres must limit 
the thickness of the layers of cells linked up by this system. A well-spread layer- 
ing of cells is therefore the solution to this problem; the thickness must vary 


Thickness (number of cells deep) = 


* 
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according to the number of fibres, the size of the cells and the complexity of 
corridoring. 

Another aspect of such a layer adopted in the neopallium must be noted. If 
association fibres converge on it from both surfaces its area must be limited, for 
otherwise association of one area with all other areas becomes impossible, the 
one fibre track crowding out the other. Such a cortex occurs in the cerebellum 
(fig. 2). 


se 


la 


Fig. 1. The cell has a cross-sectional area of zr?. The fibres to each cell are represented as having a 
sectional area of ;4,7r?. The area taken by the fibres for each layer of cells is thus ;,th more for 
each layer. The whole area is taken up by fibres in the eleventh layer. 


ss i mm 


Fig. 2. The structure is that of the cerebellar cortex. Purkinje’s cells are on the outer side. Be- 

neath them are the closely aggregated cells of the granular layer. The cells of Purkinje are the 

) main associational cells. Their superimposition on the granular layer leaves scant access to 
. them of fibres from the medulla. The association of each Purkinje cell with the others is 
restricted in a lateral direction because a limited number only of fibres can end on each pro- 


of cess. These are not sufficient to associate each cell with more than a relatively small number of 
dd other cells. 

1S The same problem of surface connection which arises relative to layers of 
th cells occurs also to the cell. A simple bipolar cell with two fibres can be round or 
aS oval with a smooth surface; cells like those of Purkinje and Betz with multiple 
1S fibre connections which cover a comparatively large area must increase surface 
it by formation of long processes or an elongated cell body with small processes. 
r- This argument is borne out by the study of nervous system structure in the 


y various phyla. The structure of the peripheral ganglia of the medusa is repeated 
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in the axial ganglia of Arthropoda, masses of cells being distributed segmentaily 
with inter-connecting fibre bundles. There is a limit to the number of segments 
which may be fully associated, for fibres coming from the outside into cells so 
massed must crowd out the surface cells or not reach the innermost cells. in 
the head ganglia this is overcome to a limited degree by formation of discrete 
collections of cells with related functions; from these cells the fibres pass inward 
to a common meeting ground; here association takes place but the limits to 
this method are again narrow. 

A new departure is found in Amphioxus, where a central core of cells is 
associated by a peripherally arranged fibre system. Here again, despite the 
crenation of the core into horns, intersegmental association must be limited; 
crowding out of cells or fibres must result. The retention of the ganglion 
architecture at the head-end, though of strategic advantage, brings its peculiar 
limitations. The later acquisition of a rudimentary cerebellum must be con- 
sidered relative to the limitations of a surface connected on both sides as 
previously noted. Only when a cerebral cortex becomes linked up with the 
cerebellum does the latter arrive at great proportions. 

The formation of a cortex of the neopallial type gives the possibility of 
almost unlimited association. There is no limit to room in the medulla for 
fibres (cf. Baillarger’s Law); with fibres practically from one side only, with the 
cells of shape varying to suit this connection and spread out so that full and 
adequate access to each cell may occur. Thus only may completeness of 
association be achieved. 
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FACTORS CONCERNED IN BONE STRUCTURE 


By R. DOUGLAS WRIGHT, M.S. 
Melbourne 


« Euzcanr” bones are a recent development in evolution. The weight to be 
borne by them is in many instances not less than that borne by the cumber- 
some bones of the gigantic prehistoric reptiles. This suggests a more efficient 
architecture with reduction of mass of bone as compared with strength. 

To investigate the internal structure of bones roentgenograms are used. In 
the case of the crocodile (Plate I, fig. 1) the whole bone is a coarsely trabeculated 
mass; differentiation of stress lines is absent. It is a mass of bone broken by 
nutrient channels and smoothed at the surface to form not so much a cortex as 
asurface. Bony attachments are not marked. It is played upon by ventral and 
dorsal masses of muscle with wide insertions and origins. 

In the Marsupial (wombat) (Plate I, fig. 2) the differentiation has advanced 
greatly. The vertical columns of bone to the head and condyles are well marked, 
ties from the trochanter to the shaft stand out well, and the shaft hasdifferentiated 
into a cylinder with much greater strength per unit mass weight than in the 
_ ease of solid bone. 

Though this architecture is moderately “elegant” it is by no means as 
delicate as in the case of the sheep (Plate I, fig. 3), which has a much greater 
weight; nor has it so boldly departed from the solid bone style. The ends are 
still filled by a dense cancellous tissue, the cortex of the shaft is relatively very 
thick. 

In the sheep this cancellous tissue of the extremities is reduced to the 
spicules of the supporting columns of the head and condyles and to the ties of 
the trochanters. The cylinder of the shaft is thin-walled. Weight is reduced to a 
minimum, the structure might almost be called a design. 

It is thus evident that the bone architecture has advanced with the archi- 
tecture of the brain with its associated increased muscular differentiation and 
co-ordination. 

To obtain an indication as to whether this is the only factor in evolution of 
bone structure or whether the bearing of weight is the more important, two 
animals of the same class were taken and their femora compared. First the 
sloth (Plate I, fig. 4) and the ant-eater, T’amandua tetradactyla (Plate I, fig. 5), 
were compared. The latter bears its weight on the femora, the former suspends 
its weight by all four limbs. The head of the femur of the sloth is much more 
expanded than that of the ant-eater and more than fills the acetabulum; the 
trochanters are rounded off. The stress lines of the cancellous bone are not 
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arranged in columns supporting the head and tying the trochanters as they are 
in the weight-bearing femur of the ant-eater. Despite this absence of the 
typical arrangement of the weight-bearing femora, the head is finely trabe- 
culated ; there is no suggestion of the massive bone structure seen in the croco- 
dile’s femur which is also essentially not a weight-bearing bone. The trabeculae 
are arranged in a loose net fashion which is an excellent design for withstanding 
tension, giving great resilience, but is useless as a weight-bearing pattern. 

In this non-weight-bearing bone there is no return to the old undifferentiated 
bone mass, it is as well adapted to suspension as the femur of the ant-eater is for 
support. Though weight bearing modifies the type of differentiation of bone 
structure it does not determine the degree of differentiation. From these two 
series of bones then it is clear that the fineness of muscular co-ordination is the 
important factor in modifying the internal structure of bone. This attitude is 
justified by comparing the femora of the sheep (Plate I, fig. 3) and of the thar 
(Plate I, fig. 6). The former is an active animal though not agile or swift, the 
latter is both agile and swift, but also leaps and jumps after the nature of the 
goat family. It employs the psoas muscles in recovering from the leap, the 
trochanter muscles in leaping, and the head of the femur is subjected to much 
greater strains both in leaping and landing than in the case of the sheep. We 
find a much bolder and stronger line in the bone of the thar at all these points. 
The trochanter has a magnificent interlaced arch of strong spicules with a cross- 
shaped strut between the columns of the arch. The head is compact but well 
trabeculated. its supporting column is strong, the lateral side of the neck arch 
is well strutted. From the lesser trochanter strong fillets of bone radiate to the 
opposite walls of the bone shaft. These features are in marked contrast to the 
slender development of the sheep’s bone. 

The evidence of this study leads one to the conclusion that the differ- 
entiation of muscular activity with subjection of the bones to definite lines of 
stress is associated with the departure of bone structure from the massive 
reptilian type. With increasing differentiation of movement has come the 
“designed” or “elegant” bone. 


EXPLANATION OF PLATE I 


Fig. 1. Femur of crocodile. The almost solid trabeculation is well shown. The cortex is no more than 
a smoothing of this type of bone; it has no differentiation from the coarsely cancellous bone. 
Differentiation of lines of bone at the ends is not very advanced. 

Fig. 2. Femur of wombat. Differentiation of lines in the head and trochanter are obvious and 
much more advanced than in the femur of the crocodile. The shaft is seen to be developed into 
a thick-walled cylinder. 

Fig. 3. Femur of sheep. Stress lines are more pronounced and more “designed” than in the case of 
the wombat. The shaft has a thinner-walled cylinder of greater diameter. 

Fig. 4. Femur of sloth. The saucer-shaped acetabulum is filled by the expanded head of the femur. 
The lace work of trabeculae well suited to suspension is seen though the usual weight-bearing 
distribution is absent. 

Fig. 5. Femur of ant-eater (Tamandua tetradactyla). Closely related to the sloth on the develop- 
mental scale this pronigrade animal retains the weight-bearing distribution of stress lines and 
the cylindrical shaft. The differentiation of the cancellous tissue is however about the same 
degree as in that of the sloth. 

Fig. 6. Femur of thar. This animal of the goat family shows a much bolder departure from the 
diffuse cancellous differentiation. The tie bars of the trochanters are particularly strongly 
developed in comparison with those of the sheep (Fig. 3). 
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THE DORSAL HAIR TRACTS OF THE 
AUSTRALIAN ABORIGINE 


By FREDERIC WOOD-JONES 
Melbourne 


No human hair-field has proved so completely baffling, alike to the Lamarckian 
and to the orthodox geneticist, as the whole area of the back from the sacral 
region to the neck. 

Kidd was impressed with its unique characters and declared that the 
human pattern was “certainly not inherited from any known member of the 
Simian family.” The human pattern is indeed unique in the whole mammalian 
series, for, whereas in all other Mammals the mid-dorsal line represents a 
divergent area, in Man it is convergent. In other words, the free tips of the 
hair of the typical Mammal are directed from the mid-line towards the sides of 
the animal; whilst in Man they are directed from the sides towards the mid-line. 
Moreover, as the hairs sweep towards the mid-dorsal line, from the lateral-line 
divergent area, they tend, upon the sides of the body, to be directed somewhat 
cephalad. This tendency is more marked in the region of the axilla than in the 
loin. There is, therefore, in most subjects an area situated over the scapulae in 
which the hair trend is from lateral to medial and from caudal to cranial in 
direction, or, as Kidd says “in almost direct opposition to that found in all other 
Mammals.” Nevertheless, the direction of the hairs, even of the scapular 
region, changes as the middle line is approached and, along the vertebral sulcus, 
the hair all streams in a caudad direction from nuchal region to sacral whorl. 

Whilst engaged in the routine recording of the external characters of foetuses 
of the racial mixtures met with in Hawaii, I noted four cases in which partial or 
complete reversals of hair direction were present in the lower dorsal region. 
These cases were recorded and figured in 1927 and especial attention was 
directed to the mid-dorsal hair whorl which was present in the four examples 
met with. In the type case described, the hair in the mid-dorsal line below the _ 
whorl was directed cephalad from the lower lumbar region. The cases recorded 
in the 1927 paper were anomalies detected in the examination of a very large 
number of foetuses; and Hawaiian, Chinese, Filipino, Japanese, Portuguese and 
white American ancestry was variably blended in the four examples met with. 

Recently, in the course of examining the remnant of the full-blooded 
aborigines of Victoria, a very remarkable state of affairs was met with, for 
every individual, without exception, showed the dorsal hair directed in a 
cephalad direction. The cephalad trend was so pronounced in most cases that a 
photograph of the dorsal surface of the body looks exactly like the dorsal 
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surface of a typical Mammal with the head where the tail should be (see 
Plate I). 

Thirty-three individuals were examined, twenty-six were males and seven 
females, and in every case in which body hair was sufficiently well developed to 
render the recognition of tracts an easy matter this strange reversal was 
present. It. occurred in two typical forms: the whorled and the unwhorled. 

In the unwhorled type, the whole of the dorsal hair from the sacral region 
was directed cephalad upon either side of the middle line. At the middle line 
the hair direction changed and a narrow caudad stream marked the actual 
vertebral sulcus. At the root of the neck the cephalad dorsal stream merged with 
the caudad nuchal stream in an indefinite area of convergence. The blending of 
the cephalad lateral streams with the caudad mid-line stream was effected by 
symmetrical curvature of the hair lines and no whorl occurred anywhere upon 
the dorsal surface. Out of thirty-one cases in which the body hair was suffi- 
ciently well developed for definite diagnosis there were twelve subjects, of 
which only one was a female, who showed this condition. Nineteen subjects, 
fifteen men and four women, exhibited dorsal whorls, of which sixteen were 
situated about the mid-point of the vertebral border of the scapulae and three 
were at a somewhat higher level. Of the nineteen whorled subjects seven 
showed clockwise whorls; and in twelve the whorl was counter clockwise. In 
every case the whole of the dorsal hair below the level of the whorl was directed 
towards the middle line and towards the head. 

Since these observations were made Dr J. H. Gray of Adelaide University 


has been kind enough to communicate to me his voluminous unpublished data 
on the hair tracts of the natives of South Australia. In considerably over 50 
per cent. of the large number of aborigines examined by him this dorsal 
reversal was present either in its whorled or unwhorled form. 

It is to be hoped that Dr Gray’s full results will be published at some later 
date. Meanwhile this curious condition, which seems to be widespread among 
Australian aborigines, is recorded. 
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EXPLANATION OF PLATE I 


Dorsal hair tracts with counter-clockwise whorl. Australian aborigine, native of Victoria. 
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THE STRUCTURE OF THE PRIMATE KIDNEY 
By WILLIAM L. STRAUS, Jr. 
Department of Anatomy, Johns Hopkins University 


Tue kidney has long been the subject of occasional study by investigators of 
Primate anatomy. Considerable miscellaneous, and to some degree conflicting 
data regarding its structure have thus been accumulated. Within recent years 
this organ has received particular attention from students of human evolution 
(Mijsberg, Wood-Jones, Weinert), with the resulting formulation of two op- 
posing theories of renal phylogeny. 

In view of the unsatisfactory state of knowledge bearing on Primate renal 
structure, the writer undertook an investigation with a view toward ascertain- 
ing the gross morphology of the kidney in lemurs, monkeys and anthropoid 
apes. It also was hoped that such a study might throw some light upon the 
phylogeny of this organ and aid at least to some extent in clarifying the current 
conflicting opinions. How far this expectation has been realised will be apparent 
from the ensuing discussion. 

Before proceeding with descriptions of the various kidneys examined, it is 
necessary to define certain fundamental terms. The human kidney is so well 
known that it necessarily forms the point of departure for all comparisons. 

The usual text-book description of the human kidney states that the 
number of pyramids far exceeds that of the papillae. This concept of human 
renal structure is derived from the investigations of Maresch (1896). Following 
his work, the pyramids are structural units of the medulla that are separated 
from each other by inward cortical projections (the renal columns of Bertin) of 
various depths. Some of these renal columns extend to the renal pelvis and 
thus completely separate the pyramids, while others do not attain this point, 
and hence only partially separate the pyramids. In the latter instance, two or 
more pyramids end in a single papilla. 

Hou-Jensen (1930), however, has convincingly demonstrated that the 
above concept of the renal pyramid is neither correct (historically) nor satis- 
factory. According to him, the pyramid is a division of the medulla, completely 
isolated by inward cortical projections (true renal columns or septa inter- 
pyramidalia) and ending in its individual and isolated papilla. Hence the 
number of pyramids and papillae exactly coincide. The pyramid is usually 
divided into two or more secondary pyramids by less extensive inward pro- 
jections of the cortex (false renal columns or septa pyramidis). 

The difference between the above two descriptions of the human kidney is 
really but one of definition. Yet that of Hou-Jensen is more satisfactory in that 
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it recognises and classifies minor subdivisions of the medulla. Thus his defini- 
tions of pyramid, etc., are more applicable to comparative renal study, and they 
have therefore been adopted by the present writer. 

In the present investigation, the kidneys were studied chiefly by frontal 
sections—a procedure uniformly satisfactory for study of the pelvic surface of 
the medulla and for determination of the number of pyramids. It should he 
emphasised, however, that when the number of secondary pyramids is recorded, 
this is usually a minimal one. The limitations of the technique are such that it is 
extremely difficult to recognise the smaller subdivisions of the medulla proper, 
especially at the poles of the organ. Such subdivisions, irrespective of size, can 
only be regarded as individual secondary pyramids. In the early stages of the 
work the secondary subdivision of the medulla proper was not investigated; 
hence for these specimens the writer cannot give data concerning the secondary 
pyramids. 

In the present material, the pelvic surface of the renal medulla (and area 
cribrosa) may be of diverse form. Five types can be recognised on frontal 
section (fig. 1). 


Fig. 1. Diagrammatic mid-frontal sections of kidneys, to illustrate the five types of medullary 
pelvic surface found among Primates. The black represents the medulla, the white the cortex. 
For description of the types see text. 


(A) Pelvic surface forms a shelf or ridge (extending craniocaudally), that is 
medially flattened or concave, without formation of a papilla (the “ Nieren- 
leiste’’ of Gegenbaur and Gerhardt). 

(B) Pelvic surface forms a shelf or ridge (extending craniocaudally), that is 
medially flattened or concave, without formation of a papilla, but divided into 
cranial and caudal segments by a groove or furrow. 

(C) Pelvic surface forms a medially convex projection or papilla, which 
exhibits no subdivision. This papilla is variable in form; it may be low, blunt 
and but slightly indicated, or it may be long, sharp and prominent. 

(D) Pelvic surface forms a medially convex projection or papilla, which is 
subdivided into two or more secondary or false papillae. The extent of such 

1 In a preliminary report dealing with the number of papillae in Primate kidneys, and pub- 
lished in abstract form (Straus, 1933), the writer described all specimens of the present types A and 
C as having one papilla, those of types B, D and E as having more than one papilla. Such a simple 
grouping eventually proved to be by no means satisfactory, especially since it overemphasised the 
superficial resemblance of types B and D to the forms with multiple true papillae (type E). The 


present classification therefore was devised. The specimens used in the preliminary report naturally 
have been reclassified according to the present method. 
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division varies; in some instances it is apical and hence relatively slight, in 
others the subdividing grooves are relatively deep and extensive. 

(E) Pelvic surface forms two or more true papillae, separated by renal 
columns of cortical tissue. 

The characters used for diagnosis of pyramid formation in the medulla 
proper have already been discussed. Those kidneys exhibiting primarily un- 
divided medulla (A, B, C, D) have been classified as having one pyramid. 
Designation of such kidneys as “unipyramidal” perhaps is unjustifiable (see 
Peter, 1909, p. 72), but it facilitates description. 

The present study is based upon 117 kidneys, representing 67 animals of 
various Primate genera. Most of these kidneys were from animals in the 
collection of the Department of Anatomy, The Johns Hopkins University. 
A few specimens were obtained from the Division of Mammals, U.S. National 
Museum, and from the Wistar Institute of Anatomy. For the use of these latter 
specimens the writer is indebted to Mr Gerrit S. Miller, Jr. and Dr Milton J. 
Greenman. 

DESCRIPTION OF SPECIMENS STUDIED! 


The following descriptions are given by key: the letter (A, B, C, D or E) refers to the 
form of the pelvic surface of the medulla, the Arabic numeral (1, 2) to the number of 
true or primary pyramids, the Roman numerals in parentheses (II, V, etc.) to the 
number of secondary pyramids demonstrable by parallel frontal sections. When in- 
formation concerning secondary pyramid formation is lacking, this is noted by a 
dash (—). For most of the specimens both kidneys were available for study; in some 
animals, however, only one kidney was examined. Not all of the kidneys studied were 
from adult animals, yet only those of the third orang-utan (Pongo) and the second 
specimens of Erythrocebus patas and Cercocebus lunulatus were from very young speci- 
mens. This particular orang was a newborn animal, while the Erythrocebus and Cer- 
cocebus were both infants. 

Anthropoid apes 

Pan sp. (8 animals): [A 1(V), A 1 (V)];[C 1 (V), C 1 (IID]; [A 1 (IV?), A 1 (IV?)]; 
[A 1(V), B (2 grooves) 1(V)]; [A 1 (III-IV), B 1 (IV)]; [C 1(V), C 1 (III-V)]; [C1 
(III-V), C 1 (IV)]; [C 1 (IV + ?)]. 

_ Pongo pygmaeus (3. animals): [C 1 (III+?), C1 (III+?)]; [C1 (IV), C1(IV)]; 
[C1 (IV), C1(V)]. 
Hylobates leucogenys (1 animal): [C 1 (IV—VI), C 1 (III-IV)]. 


Old World monkeys 

Pygathria entellus (1 animal): [D 1 (—), D 1 (-)]. 

Papio papio (8 animals): [B 1 (VII), D 1 (VIII)]; [A 1 (-), A1 (-)]; [D1 (-)]. 

Papio porcarius (1 animal): [A 1 (VI)]. 

Papio sp. (1 animal): [A 1 (III+ ?), D1 (-)]. 

Cercocebus lunulatus (2 animals): [B 1 (IV), A 1 (IV—V)]; [D 1 (IV?)]. 

Cercocebus aethiops (2 animals): [C 1 (-), C 1 (-)]; [C1 (-), C1 (-)]. 

Macaca mulatta (12 animals): [C 1 (III-IV), C 1 (IID]; [C1 (-), C1 (]; [C1 -), 
Al()]; [A1(-), (-)]; [B 1 (IID), C1 [A 1 (V), C1 (IED); [B 1 (IV), B1 


1 The nomenclature followed is that of Elliot (1913), with a single exception. Thus the writer 
has substituted the generic name Macaca for Elliot’s Pithecus, since the former is now generally 
recognised as being the correct one for the macaques (see Miller, 1933). The name Macaca mulatta 
is therefore a synonym of Elliot’s Pithecus rhesus. 


y 
] 
f 
2 
> 
y 
l 
} 
j 


96 William L. Straus 


[B 1 (II), D1 IID}; [C1]; [C1]; [A1(V), [C1 (V-VD, At 
)]. 
Erythrocebus patas (2 animals): [C 1 (—), A 1 (—)]; [C 1 (none), D 1 (none)]. 
Lasiopyga callitrichus (8 animals): [C 1 (IV), C1(V)]; [D1 (IV), C1(V)]; [C1 
(III + ?)]. 
Lasiopyga pygerythra (1 animal): [C 1 (II +)]. 


New World monkeys 


Ateles ater (2 animals): [D 1 (none), B 1 (—)]; [D 1 (V), E 2 (III and IV)]. 

Ateles grisescens (1 animal): [C 1 (—)]. 

Ateles geoffroyi (1 animal): [E 2+(-), E 2 (—)]. 

Cebus malitiosus (6 animals): [D 1 (—), D 1 (—)]; [D 1 (IV—V), D 1 (IV—V)]; [C1 
(IV), C1(IV)]; [D 1 (IV-V), D1 (IID); [D 1 (III + ?), D1 (III-IV)]; [D1(V), C1 
(V)]. 

Cebus azarae (1 animal): [D 1 (-)]. 

Cebus variegatus (1 animal): [D 1 (—)]. 

Saimiri sciureus (2 animals): [D 1 (—), D 1 (—)]; [C 1 (IV), C 1 (IV)]. 

Aotus infulatus (1 animal): [D 1 (II), D 1 (ID)]. 

Callithriz jacchus (1 animal): [C 1 (—), C 1 (-)]. 
Oedipomidas geoffroyi (1 animal): [C 1 (II?), C 1 (III-IV)]. 


Tarsiers 


Tarsius saltator (8 animals): [C 1 (—), C 1 (—)]; [C 1 (111)]; [C 1 (1TD)]. 
Tarsius philippinensis (1 animal): [D 1 (—), D 1 (-)]. 


Lemurs 


Lemur variegatus (2 animals): [C 1 (V), C 1 (VID)]; [C 1 (IV)]. 
Nycticebus borneanus (1 animal): [C 1 (—), C 1 (—)]. 
Nycticebus sp. (1 animal): [C 1 (IV)]. 

Perodicticus potto (1 animal): [C 1 (—)]. 

Galago sp. (1 animal): [C 1 (—)]. 


DISCUSSION 


Number and form of the pyramids “ 


In the present series of Primates a primarily undivided (unipyramidal) renal 
medulla is the rule. As a matter of fact, more than one true pyramid occurs 
only in the spider monkey (Afeles) (fig. 3), but even in this genus the multi- 
pyramidal condition is not constant (it occurs in 3 out of 7 kidneys). Similar 
variability in the kidney of this animal was noted by. Mijsberg (1923). Since 
true renal columns (septa interpyramidalia) can be present only in multi- 
pyramidal kidneys, these structures are developed in Ateles alone. 

The literature dealing with pyramid formation in the kidneys of Primates is 
relatively scanty, and must be used with caution, since it is quite apparent that 
not all writers have defined “pyramid” in the same manner. But when the 
reports are critically examined it becomes clear that a primarily undivided 
medulla is typical of the kidneys of Primates other than Man. 
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Lemurs. According to Wood-Jones, a single pyramid is characteristic of lemurs, 
although in one specimen of Lemur varius (= L. variegatus) *‘the medulla showed a 
slight tendency to be subdivided into four or five areas'.”” There is but one pyramid 
in Chiromys (=Daubentonia) madagascariensis (Zuckerkandl) and in Lemur catta 
(Gerhardt, Plate ITI, fig. 7). 

Tarsiers. In Tarsius, Wood-Jones found a single pyramid. 

New World monkeys. The marmosets, Hapale (= Callithrix) jacchus and Oedi- 
pomidas, each possess one pyramid (Mijsberg, Beattie), but the medulla proper may 
exhibit subdivision into six parts (Wood-Jones)!. Among the Cebidae, Chrysothrixz 
(= Saimiri) sciureus may have one pyramid (Mijsberg), or even four or five (Wood- 
Jones)!. In Cebus the number ranges from one (Mijsberg) to five or six (Wood- 
Jones)!. Ateles may exhibit one pyramid (Mijsberg), or two pyramids completely 
separated by renal columns (Mijsberg), or the medulla may be subdivided into five 
well-marked masses (Wood-Jones) '. 

Old World monkeys. A single renal pyramid is regularly present (Deniker, Mijsberg, 
Wood-Jones, Lineback, Gerhardt [Plate ITI, fig. 9]). 

Gibbons. The kidney of Hylobates may possess but one pyramid (Duckworth, 
Gerhardt [Plate III, fig. 10]) or as many as four (Deniker)?. There is one pyramid in 
Siamanga (=Symphalangus) syndactylus (Mijsberg). According to some authors 
(Wood-Jones, Weinert), medullary subdivision is the rule in the Hylobatidae. 

Orang-utan. There may be only one renal pyramid (Mijsberg, Gerhardt [Plate ITT, 
fig. 12]), or two completely separated (Mijsberg), or even four that “‘fuse”’ (i.e. 
secondary pyramids?) (Sonntag, 1924a). 

Chimpanzee. A single pyramid is the rule, judging from the reports of most 
writers (Deniker, Mijsberg, Gerhardt [Plate IIT, fig. 11], Wood-Jones), but as many as 
seven (secondary?) may be present (Wood-Jones). 

Gorilla, One renal pyramid may occur (Duckworth, Mijsberg, Gerhardt [Plate 
Ill, figs. 18a & 13b]), but a greater number has also been reported (Duckworth, 
Weinert). Deniker stated that there were three pyramids in the foetus that he dis- 
sected, but his illustration of the kidney reveals that there was but one primary 
pyramid, and that he was actually referring to secondary pyramids. 

Man. Hou-Jensen (1930) studied 15 kidneys and found that the number of 
pyramids ranged between 7 and 11. He cited Sappey (1879) as having noted 8-11, 
Gosset (1907) 8-12. The figures of Maresch (1896) are not strictly comparable, because 
he employed a different definition of ** pyramid.” 


It is apparent from the writer’s findings, and from a survey of the literature 
as well, that the kidney in Primates regularly possesses but one true or primary 
pyramid. The sole exceptions to this rule, at least so far as is known at the pre- 
sent time, are the spider monkey and Man*. In the former animal the presence 
of more than one pyramid in a single kidney is an inconstant feature, and many 
specimens exhibit a primarily undivided medulla, as in the other monkeys, 

.the lemurs, tarsiers and the anthropoid apes. Thus the kidney of even the 
spider monkey contrasts markedly with that of Man, in whom multipyramids 
always occur. And it is unlikely that the number of pyramids in Ateles ever 


1 These statements undoubtedly refer to “secondary” pyramids. This is perfectly clear from 
Wood-Jones’ illustrations of the kidneys of Ateles ater and Saimiri sciureus; in each of these five 
secondary pyramids are shown, and in Afeles they are more clearly separated by false renal 
columns, 

* Deniker’s illustration of the kidney of a gibbon foetus shows that these are actually secondary 
pyramids, only one true pyramid being present. 

3 Perhaps some specimens of orang-utan, as indicated by Mijsberg, may fall into this group. 
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equals that normally found in Man. It is obvious, in view of its general ordinal 
constancy, that the character of primary pyramid formation is possessed of no 
real taxonomic value among Primates. The only features of interest here are 
the peculiarly isolated position of Man and the occasional approach to the 
human condition made by the spider monkey, an animal that by every ordinary 
taxonomic criterion is far removed from the human line of descent. 

The secondary pyramids are of even less diagnostic importance than the 
primary pyramids. It may be said, however, that their number is always 
greater in Man than in other Primates, even when considering the probable 
minimal value of the writer’s figures for lemurs, monkeys and apes. Reassessing 
the data of Maresch for Man, one notes that he found what are here termed 
secondary pyramids constantly occurring in the true pyramid. The primary 
pyramid was usually divided into 2-4 secondary pyramids (in some instances 
into as many as 9), and the number of the latter in an individual kidney ranged 
between 26 and 45 in adults and between 21 and 51 in foetuses and newborns, 
Their average number was about 35. Von Lenhossek (cited by Hou-Jensen) 
gave somewhat smaller figures: there were usually 24-28, with an extreme 
of 48. 

In the present series of Primates, the recorded number of secondary 
pyramids never exceeds 8, and this figure occurs in but a single instance (Papio). 
Even considering the probable minimal value of this and other figures, it is 
searcely likely that the lowest range of human variation is approached. In the 
matter of total number_of secondary pyramids, Man also stands apart from all 
other Primates. 

Kidneys with apparently undivided medulla proper (i.e. without formation 
of secondary pyramids) occur only among monkeys (2 Erythrocebus, 1 Ateles). 
Yet such specimens are exceptional and probably devoid of any real taxonomic 
significance, since kidneys with as many as seven secondary pyramids may 
occur in the same genus (Afeles). It is of course quite possible that absence of 
secondary pyramid formation is characteristic of the patas monkey (Erythro- 
cebus), but such a generalisation would be extremely hazardous in the absence 
of more specimens. The variability in number, form and size of secondary 
pyramids is very great, and is not limited to a genus or family. The bilateral 
asymmetry may be considerable. This character appears to possess no group 
constancy, and yields no data of particular significance in the series studied by 
the writer. 

As has been noted, the secondary pyramids are separated by false renal 
columns (septa pyramidis). But in contrast to Man, in whom the false renal 
columns usually penetrate rather deeply between the secondary pyramids, 
these structures are short and essentially peripheral, and therefore frequently 
are not clearly visible in midfrontal sections of the kidney (see fig. 2). The 
demarcation of the secondary pyramids, however, is always clearly defined, 
especially in parallel frontal sections, by relatively large branches of the renal 
artery and tributaries of the renal vein passing between renal pelvis and cortex. 
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The false renal columns themselves appear usually to be best developed in the 
chimpanzee (Pan), although on occasion they may be quite marked in such 
forms as the orang-utan (Pongo), the rhesus monkey (Macaca mulatta) and the 
vervet monkey (Lasiopyga pygerythra). 


Number and form of the papillae 


The number of true papillae by definition must agree with the number of 
primary pyramids. Hence, in no kidney of the present material is it as great as 
that normally exhibited by Man. Many data concerning the number of papillae 
exist for the human kidney, and some of them are given herewith: Sappey 
(1879, cited by Hou-Jensen) 8-11; Maresch (1896) 6-14 in adults, 6-11 in 
foetuses and newborns; Gosset (1907, cited by Hou-Jensen) 8-12; Vallois 
(1929) 3-18; Hou-Jensen (1930) 7-11; Weinert (1932) 6-20. These statistics 
presumably refer only to the white race. In the other Primates, according to 


Fig. 2. Parallel frontal sections (progressing toward the dorsal surface) of the kidney of a chim- 
panzee (J. H., P. A. L. 112), to demonstrate the formation of secondary pyramids by false 
renal columns. The latter structures become increasingly evident in the more peripheral 
sections (B and C). 


the present writer’s experience, the pelvic surface of the renal medulla may be 
of varied form, but exhibits more than one true papilla only in some specimens 
of Ateles. In such instances (type E) the number of papillae is 2 (except in one 
animal, in which, according to the writer’s notes, there apparently were more 
than two such structures; unfortunately, however, his records give no state- 
ment regarding the exact number). 

The remaining kidneys examined exhibited essentially unipapillate pelvic 
surfaces, although of varied form (types A, B, C, D). Variability is considerable 
(see Table I), and bilateral asymmetry not infrequent. Taxonomic differences 
in the writer’s series are not marked, but are more clearly indicated here than 
in the pyramids: (1) The pelvic surface of the kidney normally exhibits a single, 
undivided papilla (type C) in lemurs, tarsiers, marmosets (Callithriz, Oedi- 
pomidas), Old World monkeys (excepting Pygathriz, Papio, and possibly 
Macaca), Hylobates and Pongo; (2) the New World monkeys of the family 
Cebidae, excepting only Ateles (i.e. Aotus, Saimiri, Cebus), tend toward 
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papillary subdivision (type D); (8) Ateles is highly variable, but frequently and 
uniquely possesses more than one true papilla (type E); (4) the Pygathrix 
kidneys are of subdivided unipapillate form (type D); (5) a simple papilla 


Table I. Distribution of the five types of medullary pelvic surface 


in the various genera of primates. 


Genus 
Homo (Hou-Jensen) 


2 


15 
6 
2 
2 

7 
2 
4 
6 
4 
4 
2 
2 
2 
6 
3 
3 
1 
1 


A=flattened or concave; B=same, with dividing groove; C=undivided papilla; D=sub- 
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divided papilla; E=two or more papillae. 


ATELES ATER 


Fig. 3. Mid-frontal sections of the kidneys of a specimen of spider monkey, to illustrate the bilateral 
asymmetry in form of medulla. The kidney to the left is unipyramidal (type D); the kidney to 
the right has two pyramids and papillae (type E). 


(type C) never occurs in Papio, in which a flattened or concave pelvic surface, 
usually undivided (type A), is the rule; (6) in Macaca a flattened or concave 
pelvic surface (type A or B) is as frequent as is the formation of a papilla 
(type C); (7) Pan often exhibits a simple papilla (type C), but a flattened or 
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concave pelvic surface, usually undivided (type A), is of equal frequency; 
(8) failure to form a papilla of some type, i.e. a flattened or concave pelvic 
surface (types A and B), occurs only in Pan and Old World monkeys (Papio, 
Macaca, Cercocebus, Erythrocebus), the sole exception to this rule being a single 
kidney of Ateles (of type B); (9) the pelvic surface of the medulla tends toward 
greatest subdivision in the New World monkeys; it is never subdivided in the 
lemurs. 

All classes of medullary pelvic surface except E may well be regarded as 
constituting varieties of a simple or essentially unipapillate type. Clearly, type 
A (concave or flattened pelvic surface) is not far removed from type C (single 
papilla), the chief difference residing in greater concentration of the area 
cribrosa in the latter type (cf. Gegenbaur, p. 468). In the same manner, type 
B (subdivided concave or flattened pelvic surface) is closely related to type D 
(subdivided papilla), at least when the latter exhibits but two segments or false 
papillae; this will be even more evident when the zoning of the ducts of Bellini 
is considered. Types A, B, C and D may therefore actually be grouped to- 
gether in that they really represent but variants in form and subdivision of a 
simple pelvic surface. The real distinction exists between these four types and 
type E, which latter alone represents true or primary medullary lobulation. It 
should be mentioned, however, that Mijsberg regarded the kidneys of the 
present author’s type D as representing transitional stages between kidneys 
with multiple true papillae and those with single undivided papilla. 

In kidneys of type C (or D, E), the shape of the papilla is subject to a con- 
siderable degree of variability. It varies, among the anthropoid apes and the 
Old World monkeys, from a form that is low and blunt, at times being but 
slightly indicated to the unaided eye, to a structure that is long, sharp and 
quite prominent (fig. 4). This statement also applies to the monkeys of the New 
World, although in them the tendency would seem to be toward the more 
prominent type of papilla. Among the lemurs and tarsiers the papilla ap- 
parently is uniformly quite obvious, and in some animals (e.g. Nycticebus, 
Tarsius) it assumes the form of a relatively enormous, long conical structure. 
Thus in Tarsius saltator (fig. 5) it clearly projects beyond the kidney into the 
ureter proper, an arrangement suggestive of the condition in some bats; in 
Nycticebus sp. this protrusion is not as pronounced (see also Wood-Jones’ draw- 
ing of the kidney of Galago moholi). 

The exact shape of the pelvic surface in kidneys of types A and B is some- 
what variable. A concavity is usually more or less apparent, but in some 
specimens the medial surface is definitely flattened in a cranio-caudal direction. 
The pelvic surface of type B regularly presents a single groove or furrow divid- 
ing it into cranial and caudal segments. One chimpanzee kidney, however, 
exhibited two such grooves, and hence three subdivisions. 

The extent of papillary subdivision in kidneys of type D likewise is variable. 
The papilla frequently is split apically into but two portions (Papio, Lasiopyga, 
Ateles, Cebus, Aotus), but the splitting may divide the papilla tip into three 
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(Ateles, Cebus) or more (Pygathria, Erythrocebus, Macaca, Cercocebus, Cebus, 
Saimiri, Tarsius) sections. The subdividing grooves may be but shallow apical 
furrows (Macaca, Lasiopyga, Ateles, Cebus, Aotus), or they may appear as 
relatively deep clefts that give rise to rather prominent secondary or false 
papillae (Pygathriz, Papio, Cercocebus, Ateles, Saimiri). 

Subdivision of the renal pelvis to form calyces has been noted only in Ateles, 

In the literature, more attention has been devoted to the renal papillae of 
Primates, especially with regard to their number in a single kidney, than to the 
pyramids: 


Lemurs. The number of renal papilla is always one (Sonntag, 1924). Thus, there is 
but a single papilla in Chiromys (= Daubentonia) (Owen, Peters, Zuckerkand]), in 
Arctocebus (Huxley, 1864a), in Stenops (= Loris) (Hyrtl), in Galago (Wood-Jones 
[fig. 82A]), in Lemur (Hyrtl, Gerhardt [Plate III, fig. 7], Wood-Jones [fig. 32B)). 
Hyrtl apparently encountered some papillary subdivision in his animals, which were 
studied by the corrosion method, while Wood-Jones had a kidney of Lemur varius 


sig. 4. Mid-frontal sections of the kidneys of two orang-utans (J. H. Anat. 212 and 37), toillustrate 
variability in the form of the papilla. 

Fig. 5. Mid-frontal section of the kidney of Tarsius saltator (J. H. Anat. 279), showing the great 
development of the papilla and its projection into the ureter. 


(=L. variegatus) that exhibited “four partly differentiated papillae” (the present 
writer’s type D?). 

Tarsiers. One papilla is present (Woollard, Wood-Jones), but four in a single 
kidney have been reported (Burmeister). 

New World monkeys. The marmosets Hapale (= Callithrix) and Oedipomidas, 
possess but one papilla (Mijsberg, Beattie). The Cebidae apparently are more variable. 
In Chrysothriz (= Saimiri) sciureus there is a single papilla (Van den Broek, Mijsberg, 
Wood-Jones) that may be subdivided into four parts (Mijsberg, Wood-Jones [fig. 
92A]). Cebus likewise exhibits one papilla (Van den Broek, Mijsberg), but this may 
possess a groove dividing it into cranial and caudal portions (Mijsberg). There is one 
papilla in Mycetes (= Alouatta) (Van den Broek). In Ateles, there may be but one 
papilla, which on occasion is subdivided into three hillocks (Mijsberg), or there may 
be two (Hyrtl, Mijsberg), three (Van den Broek), or even five papillae (Wood-Jones). 
Judging from Wood-Jones’ illustration of a kidney of Ateles ater, he was referring to 
false or secondary papillae, as they are not shown to be separated by true renal 
columns. Sonntag (19246) wrote that the kidney of Ateles possesses many papillae, 


PONGO Fig. 5 
Fig. 4 
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but that only one is present in the kidney of all other New World genera. Huxley 
(1864b) merely stated that the kidney of Platyrrhines possesses but a single papilla. 

Old World monkeys. But one renal papilla is uniformly present (Hyrtl, Deniker, 
Gegenbaur, Weber, Van den Broek, Mijsberg, Sonntag [19246], Weinert, Lineback). 
The specimens studied by Hyrtl presumably exhibited some papillary subdivision. 
Duckworth alone hinted that more than one papilla might occur. 

Gibbons. Both genera seem normally to possess but one papilla to a kidney 
(Huxley [18646], Deniker, Chapman [1901], Gerhardt [Plate III, fig. 10], Mijsberg, 
Vallois, Wood-Jones), but as many as four have been reported (Sonntag [19245], 
Wood-Jones, Weinert). 

Orang-utan. According to a number of authors, but one papilla is present (Huxley 
[1864b], Chapman [1881], Weber, Gerhardt [Plate III, fig. 12], Mijsberg, Sonntag 
[19245], Vallois, Wood-Jones, Weinert). The single papilla may exhibit a subdividing 
groove (Mijsberg). A papilla may be absent, this suggesting the present writer’s 
type A (Gegenbaur, Sonntag [1924a]). Two papillae are occasionally present (Van den 
Broek, Mijsberg). 

Chimpanzee. There regularly is but one renal papilla, judging from many reports 
(Dénitz, Ehlers, Bischoff [1877], Symington, Gerhardt [Plate III, fig. 11], Mijsberg). 
Yet some writers have stated that the number is quite variable, and that as many as 
three (Sperino), four (Sonntag, 1923), five (Sonntag, 1923), six (Sonntag [19245], 
Vallois, Weinert), or even seven (Wood-Jones, Weinert) may be present. Chapman 
(1880) merely wrote that he found more than one papilla. 

Gorilla. One papilla. would appear to be the normal condition (Bolau, Bischoff 
[1880], Ehlers, Deniker, Gerhardt [Plate ITI, figs. 13a and 13], Vallois). Some varia- 
bility has been noted, however, and as many as four have been reported (Sonntag 
[1924b], Wood-Jones, Weinert). 

Man. As previously stated, the variability in number of papillae may be con- 
siderable, the range extending from 3 to 20. Six or more are usually present. In form 
they typically are tapering, conical and quite prominent. Hou-Jensen noticed that a 
papilla not infrequently was so furrowed that it appeared to be composed of two or 
three single papillae. These furrows or grooves apparently are similar to those noted i in 
other Primates by the writer and by Mijsberg. 


It is evident that the published statements of the number of papillae in the 
several Primate groups agree essentially with the findings of the present writer. 
The chief discrepancies relate to the anthropoid apes. The writer is at a loss to 
understand the repeated ascription of multiple papillae to the gibbons and 
great apes, unless it is assumed that the authors are really referring to secondary 
papillae. In some instances one suspects that there has been confusion of the 
terms “papillae” and “ (secondary) pyramids.” The present definitions of these 
terms may not find universal agreement; yet they at least possess the virtue of 
facilitating morphological comparison of the kidney of Man with those of other 
Primates. 

Among the 15 chimpanzee, 6 orang-utan and 2 gibbon kidneys that the 
writer has studied, no specimen was encountered that could be regarded as 
having more than one papilla in the human sense. The only apparently in- 
dubitable instance encountered in the literature in which an anthropoid ape 
kidney possessed more than one true papilla (as herein defined) refers to the 
third orang-utan described by Mijsberg. This animal possessed two papillae, 
but the description does not state whether the pyramids were separated by true 
renal columns. Thus, in the absence of more specific descriptions of the “ multi- 
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papillate” kidneys, it can only be concluded that the anthropoid ape kidney is 
regularly of a unipapillate type (or a variant thereof). 


Zoning of the ducts of Bellini 


The question naturally arises as to whether any gross morphological sub- 
division of the medulla in the unipyramidal, unipapillate kidney is correlated 
with a grouping of the ducts of Bellini. Ifthe false papillae, subdivided papillae 
and subdivided non-papillate pelvic surfaces are indicative of any internal renal 
lobulation, this likewise should be reflected in the arrangement of the ducts. In 
order to ascertain how far such a correlation might occur, the writer made thin 
free-hand mid-frontal sections, less than } mm. in thickness, of a number of 
kidneys. These sections were stained in methylene blue, cleared in glycerine, 
and examined under the Greenough binocular microscope. In favourably pre- 
served specimens the arrangement of the ducts may be seen with the naked eye 
or under a loupe, but microscopic examination is uniformly more satisfactory. 

The grouping of the ducts (and hence the area cribrosa) into distinct zones 
frequently corresponds quite closely with the grosser morphological arrange- 
ment of the pelvic surface of the medulla. In kidneys exhibiting a single simple 
papilla (type C), all of the ducts regularly seem to converge upon it (Pan, 
Pongo, Hylobates, Macaca, Lasiopyga, Tarsius). In some kidneys of this type, 
however, the ducts may not be completely concentrated upon the apex of the 
papilla, but may also empty adjacent to it, so that the area cribrosa is diffuse 
(Lasiopyga), or they may converge upon the papilla to empty in two (Macaca) 
or three (Pongo) distinct zones. Where there is a single though subdivided 
papilla (type D) the ducts may converge, apparently without zoning (Lasio- 
pyga, Cebus, Aotus), or zoning corresponding to the subpapillae may be more or 
less evident (Papio, Macaca, Ateles, Aotus). In non-papillate kidneys with 
simple concave or flattened pelvic surfaces (type A), zoning of the ducts may be 
absent, the area cribrosa then being widely and unbrokenly stretched along the 
concavity or plateau (Pan, Papio, Macaca), or more rarely the ducts may be 
concentrated into two distinct zones (Pan). In those kidneys possessing con- 
cave or flattened pelvic surfaces divided by a groove into cranial and caudal 

segments (type B), two duct zones, one upon each side of the furrow, would 
seem to be the rule (Pan, Papio, Macaca), although on occasion such zoning 
may be lacking (Macaca). In the single specimen (Pan) of type B exhibiting 
two grooves, the ducts were arranged in three distinct groups corresponding to 
the grosser divisions of the pelvic surface as indicated by the grooving. This 
division of the area cribrosa into segments by a groove has been noted in an 
orang-utan by Mijsberg; in this particular animal there was a single papilla 
subdivided by an extensive furrow. In kidneys with more than one true 
papilla (Ateles, Man) the isolation of the ducts in groups is of course necessarily 
a corollary of primary pyramid formation. 

It is thus evident that the gross division of the medullary pelvic surface of 
unipyramidal types of kidneys into false papillae, segments, etc., may possibly 
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be of more than pure morphological significance. The fact that such division 
frequently can parallel rather closely a grouping or zoning of the ducts, sug- 
gests that the gross segmentation reflects, as in Man (though to a lesser degree), 
a functional division or lobulation of the kidney. Yet this isnot invariably true. 
In some instances, therefore, division of the pelvic surface may be superficial 
and of no real significance. Yet in other instances, the simple macroscopic 
structure of the pelvic surface may mask its functional segmentation. The cor- 
relation between zoning of ducts and exact form of area cribrosa appears to be 
somewhat variable in unipyramidal kidneys. Yet the evidence lends some 
support to Mijsberg’s view that kidneys of type D are structurally intermediate 
between those of types C and E. Even though this be granted, however, the 
morphological gap between the unipyramidal and the multipyramidal kidney is 
nevertheless a great one. 
Phylogenetic considerations 

The kidney has frequently been the subject of phylogenetic speculation. 
The usual view is that the simple, essentially undivided, unipapillate kidney 
represents the primitive type, from which the lobulated, multipapillate kidneys 
have been derived by subdivision (Gegenbaur, Gerhardt, Zarnik, Weinert). This 
theory derives its chief strength not only from the general structural simplicity 
of the unipapillate kidney, but also from the fact that this type of renal 
structure is common to the more primitive or generalised groups of Mammals, 
such as the Monotremes, Marsupials, Insectivores and Rodents (cf. Gegenbaur, 
Gerhardt). But, however attractive this theory may be, certain embryological 
data suggest that the story of renal phylogeny is perhaps more complex than it 
appears. Thus any claim (e.g. by Weinert) that the human is the most 
specialised among Primate kidneys, needs more supporting evidence than can 
be offered at the present time. 

A second group of investigators also has speculated upon renal evolution. 
These workers (Bolk, Mijsberg, Wood-Jones) have arrived at the conclusion 
that the multipapillate kidney represents the primitive type. Bolk (1921), in 
connection with his foetalisation hypothesis, stated that ‘Man possesses 
kidneys with a greater number of papillae, a primitive condition.” Mijsberg, 
writing two years later, believed that his studies upon the kidneys of Primates, 
and certain embryological evidence as well, entirely supported Bolk’s concept. 
He therefore concluded that the kidneys of all Primates were developed from a 
divided type. The embryological studies which he cited, however, do not 
appear to the present writer as strongly supportive of his hypothesis. Careful 
embryological studies of unipapillate Primate kidneys are still lacking, and 
these are necessary for the acceptance or rejection of Bolk’s and. Mijsberg’s 
views. 

Wood-Jones (1929) was especially concerned with the theory that Man is 
more primitive in structure than are the extant apes and monkeys. Respecting 
the kidney, he wrote that “Man retains...an earlier ontogenetic stage of 
kidney development than do the Cynomorpha or the Anthropomorpha” 
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(p. 823). This assumption is extremely hazardous in the light of present know- 
ledge. It is based apparently upon the occurrence of external renal lobulation 
in prenatal Man. Yet Maresch encountered no increase in the number of renal 
papillae in human foetuses and newborns as compared with adult Man}. 'The 
external renal lobulation therefore may merely be superficial, and not expres- 
sive of a fundamental or primitive lobulation. 

One other point of phylogenetic interest concerns certain statements of 
Weinert (1932). He attempted to show that in the structure of the kidney (i.e. 
number of papillae), among other points, the chimpanzee more closely ap- 
proaches Man than does any other Primate. A critical examination of the 
available evidence, however, shows plainly that neither the chimpanzee nor 
any other anthropoid ape can be regarded as suggesting the human form of 
kidney. 

Consideration of Primate kidneys from a phylogenetic aspect merely 
emphasises the unique and isolated position of Man®. The only approach to the 
human condition is made by the spider monkey, and this feature is not a 
constant one in that animal. Surely no one would seriously claim other than 
very remote kinship between Homo and Ateles. The presence of true primary 
internal renal lobulation in the two forms can only be regarded as the product 
of convergence, a phenomenon which in these two animals is not limited to the 
kidney alone. 


CONCLUSIONS 


Primate kidneys are of two classes: (1) undivided or unipyramidal, and 
(2) divided or multipyramidal. The former all possess essentially simple pelvic 
surfaces, which, however, may be of four types: (A) flattened or concave, and 
undivided, without papilla formation; (B) flattened or concave, without papilla 
formation, but subdivided by a groove; (C) exhibiting an undivided papilla; 
and (D) exhibiting a subdivided papilla. Multipyramidal kidneys show two or 
more papillae (corresponding in number to the pyramids) separated by true 
renal columns (type E). In all of the kidneys of both classes the individual 
pyramids, with rare exceptions, are subdivided into secondary pyramids by 
false renal columns. 

The kidneys of all lemurs, tarsiers, monkeys (excepting some specimens of 
Ateles) and apes are unipyramidal, and thus essentially unipapillate (types 


1 Whereas Maresch found the average number of papillae (9) to be the same in 9 adult and 26 
foetal and newborn kidneys, yet the upper extreme of 14 occurred in an adult kidney. Similarly, 
although the greatest number of secondary pyramids in a single kidney (51) was found in the foetal 
and newborn series, the average number of such renal subdivisions was greater in the adult (37 as 
compared to 32). 

2 The kidney of Man, however, by no means represents the extreme of lobulation in the 
Mammalia. The kidneys of such animals as the ox, bear, otter, seal and porpoise, as is well known, 
exhibit far greater degrees of subdivision. Thus, a porpoise (T'ursiops truncatus) kidney at hand is 
composed of certainly more than a hundred renculi. Each renculus naturally contains both cortex 
and medulla, and is in fact a separate small kidney. 
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A, B, C and D). The kidneys of Man and some examples of Ateles are multi- 
pyramidal, and therefore possess more than one papilla (type E). 

The arrangement of the ducts of Bellini may reflect minor subdivisions of 
the pelvic surface of the medulla (area cribrosa) in unipyramidal kidneys. The 
correlation between ducts and form of papilla is not a constant one, however. 

The phylogenetic history of the kidney is by no means clear. No existing 
theory is entirely satisfactory. The chief point of interest lies in the isolated 
position of Man among Primates in respect to renal form, and the approach to 
the human condition by the spider monkey. 
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SKULL SHOWING ABSENCE OF CORONAL SUTURE 


By R. K. RAU, F.R.C.S., L.R.C.P. (Ep1n.) 
Department of Anatomy, Medical College, Vizagapatam (Southern India) 


Tue skull described herein is that of a female who belonged to the dark 
Dravidian race inhabiting Southern India and was aged about 30. 

The contour of the cranial vault is a broad ovoid with the broad pole in 
front and the narrow pole behind, the reverse of the “modal” outline generally 
met with in the skulls of the department. 

Cranial asymmetry is slight and of the normal type. 

Sutural formula is $3 L4. 

Sutural bones. There is a small wormian bone 11 x 10 mm. in the suture 
between the squamo-fronto-parietal at about its middle on the right side, a 
median interparietal 18 x 15 mm. at the lambda and several small ossicles in 
the lambdoidal suture. 

Norma verticalis. The arresting feature is a persistent and complete metopic . 
suture. As the metopic suture is continuous with the sagittal one long suture 
extends from the rhinion to the lambda. At a distance of 90 mm. from the 
nasion is a raised transverse ridge in the vertex which becomes fainter and in- 
distinct on either side and apparently delimits the frontal bone. Just behind 
the ridge is a transverse linear fissure which extends for a distance of 35 mm. on 
the right side and 10 mm. on the left side of the middle line. This fissure is 
shallow and involves a part of the outer table only. The parietal tubers are not 
circumscribed but are represented by diffuse bulges on either side situated 
farther forwards than normal. There is absence of the parietal foramina on both 
sides. The skull is cryptozygous. 

Norma facialis. Face is somewhat small in proportion to the head. Orbits 
are almost square with the angles rounded off. The transverse axis of the orbit 
is nearly parallel with the Frankfurt horizontal. The forehead merges with the 
dorsum of the nose with hardly any depression at the root of the nose. There is a 
slight prominence of the nasal bones at the lower part. The nasal bones are 
rectangular in outline. The superciliary ridges and frontal eminences are faint. 
The forehead is nearly vertical, broad and almost flat from side to side and 
from above downwards. Interorbital width is wide, measuring 30 mm. Outline 
of the anterior nares is a short broad oval. Nasal septum is deflected to the left. 
All the sutures of the face and orbit with the exception of the fronto-sphenoid 
and fronto-ethmoid are unclosed. 

Norma lateralis. Is conspicuous by the absence of the coronal suture. 

Norma occipitalis. There is a bulging on the left side. Superior and supreme 
nuchal lines are well marked. Muscular markings are well defined though the 
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subject is a female. There is a faint suture commencing from the left occipito- 
mastoid suture 18 mm. below the asterion running downwards and medial- 
wards, for a distance of 14 mm., presumably the persistent vestige of the cleft 
between the supraoccipital and interparietal. The mastoid foramina are smaller 
than normal. 

Norma basilaris. Outline of the maxillary alveolar arch is a U. There is a 
socket for a supernumerary incisor immediately in front and to the left of the 
incisive foramen. The crucial suture on the palate is open. There is spheno- 
occipital synostosis. Other sutures of the base are unobliterated. The right 
carotid and right jugular foramina are larger than those on the left side. There 
is a small Huschke’s foramen in the left tympanic plate. The mastoid processes 
are ill-developed. 

The absence of the coronal suture admits of two possible explanations— 
premature closure or congenital absence. It is said that the coronal suture 
closes relatively earlier in dolico-cephalic skulls. The results of the observations 
made in this department on the ectocranial synostoses of the great sutures of 
the vault in the relatively preponderant dolicocephalic crania of this part of the 
world conclusively show that the closure commences as a rule in the pars 
temporalis of the coronal suture and that the sutures synostosing later are the 
pars verticalis and pars obelica of the sagittal suture and that the last to close is 
the lambdoid. 

According to Quain the sutures to close first are in order the sagittal, the 
coronal and the spheno-frontal; next three sutures to close are the spheno- 
parietal, lambdoid and occipito-mastoid. The skull in question is hyper- 
brachycranial with an index of 88-96. The finding therefore is at variance with 
that of the treatises on craniology.. 

Can this be a case of complete congenital absence of the coronal suture? 
The presence of the ridge and the rudimentary traces of a linear cleft referred to 
above negative this hypothesis. Besides, there appears to have been no record 
whatsoever so far of absence of separation between the frontal and parietal 
bones which involves the assumption of a common developmental origin of the 
fronto-parietal. 

The other outstanding feature of the skull is the persistence of the metopic 
suture which in this specimen extends uninterruptedly from the nasion to the 
lambda. The union of the two halves of the frontal bone generally begins in the 
second year of post-natal life and the suture is generally obliterated except at 
the lower part by the eighth year. Metopism is said to be more common in the 
higher than in the lower races, the incidence among Europeans being 8 per cent. 
(Cunningham). The incidence as noted in the collection of skulls of the depart- 
ment, representing the Dravidians of the Madras Presidency, is 4 per cent. No 
case of metopism has been met with in anthropoid apes, though according to 
Schwalbe it is found in Colobus and Semnopithecus. 

When the metopic suture fails to close in early childhood, it is said to be the 
last to disappear. 
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In the short note sent by the Department of Pathology along with the body, 
the subject is said to have shown tertiary syphilitic lesions. Syphilis in the 
region of the skull causes necrosis of the external table, thickening and forma- 
tion of nodes and occasionally a bulging of the forehead, the result of Schnei- 
derian catarrh. There is hardly any evidence at any rate of affection of the 
skull, and it is very unlikely that syphilis brings on selective premature 
obliteration of a skull suture. 

The cubical capacity of the skull as estimated by the mustard seed method 
is 1075 c.c. 

The cranium yields the following data: 

Length-breadth index 88-96 
Breadth-height index 91-87 
Length-auricular height index 79-22 
_ Transverse fronto-parietal index 80-00 
Superior facial index 54-16 
Occipital foramen index 91-17 
Orbital index 100 
Alveolar index 111-96 
Nasal index 54-16 
Palatal index 76-74 
Gnathic index 95-95 

The special features of interest are the hyperbrachycranial type which is of 
rare occurrence here; the persistent metopic suture; the absence of the coronal 
suture in a comparatively young subject coexisting with other open sutures on 
the endo- and ectocranial aspects; and the width of the interorbital septum 
suggestive of hypertelorism or due more probably to specific catarrh. 
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THE EMISSARY FORAMINA OF THE CRANIUM 
IN PRIMATES 


By G. I. BOYD 
Department of Anatomy, Winnipeg, Canada 


Ina previous paper! I gave a description of the emissary foramina of the 
cranium based on an examination of 1478 human skulls and of skulls of 
124 anthropoids, including 50 Simiidae. Since then I have had the oppor- 
tunity of examining a larger number of Primate crania in the American 
Museum of Natural History, New York, and in the British Museum of Natural 
History, London, and have been able to confirm some of my previous findings. 
I have included my previous figures in the present series. 


GORILLA 


The parietal foramen was found present forty-two times in 159 skulls of 
both sexes and all ages (26-35 per cent.). It was usually situated far back in 
the parietal bone or in the apex of the occipital bone (6 per cent.), in or close 
to the median plane. On four occasions there was a double foramen, the 


foramina being placed one in front of the other. 

The mastoid foramen was present on one or both sides in twenty-five out 
of 144 skulls in which the temporal bone was intact (17-4 per cent.). The 
foramen was present on both sides in six skulls, twelve times on the left side 
only and seven times on the right side only. 

The condyloid foramen was present twelve times in 113 skulls (10-6 per 
cent.), three times on both sides, four times on the left only and five times on 
the right only. 

A squamosal foramen was found present on both sides in one skull (0°6 per 
cent.). No difference was found in the sex incidence. 


CHIMPANZEE 

In 137 skulls the parietal foramen was present twelve times (8-7 per cent.), 
situated in the parietal bone, usually in the median plane. Twice the foramen 
was double. 

The mastoid foramen was present eighteen times in 128 skulls (14 per 
cent.), four times on both sides, eight times on the left side only and six times 
on the right side only. 

The condyloid foramen was present nineteen times in 115 skulls (16-5 per 


1 “The emissary foramina of the cranium in Man and the Anthropoids.” J. Anat. 1930, 
vol. Lxv, pp. 108-21. 
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cent.), four times on both sides, eight times on the left side only and seven times 
on the right side only. In most cases the foramen was large. 
The postglenoid foramen was never present. 


ORANG-UTAN 


The parietal foramen was present ten times in 98 skulls (10-2 per cent.), 
but only three times was it actually in the parietal bone; in the other seven 
cases it was situated in the apex of the occipital bone. 

The mastoid foramen was present eighty times in ninety-eight skulls 
(81-6 per cent.), sixty-five times on both sides, seven times on the left side 
only and eight times on the right side only. The mastoid foramina were large, 
and on some occasions were duplicated on one side. 

The condyloid foramen was present once in ninety-five skulls on the left 
side only (1 per cent.). 

The postglenoid foramen was found once, paired, and a squamosal foramen 
once, on the left side only (together 2 per cent.). 


GIBBON 


The parietal foramen was present eight times in 113 skulls (7 per cent.), 
but only twice was it actually in the parietal bone: in the other six cases it 
was situated in the apex of the occipital bone. 

The mastoid foramen was present sixty-eight times in 107 skulls (63-5 per 
cent.), forty-two times on both sides, thirteen times on the left side only and 
thirteen times on the right side only. It was largest and most frequent in the 
Siamangs, occurring as a paired foramen in twelve out of fourteen skulls and 
being absent in the other two. The mastoid foramen was smallest in Hylobates 
lar, so much so that it was sometimes difficult to decide if there was a foramen 
present or not. 

The condyloid and postglenoid foramina were invariably absent. 


OTHER MONKEYS 


The parietal foramen was found once in 100 skulls of different species, 
both Old World and New World monkeys. The mastoid foramen was found 
present in sixty-six skulls, usually on both sides. The condyloid foramen was 
present in four skulls, on one side only. The postglenoid foramen was present 
in fifty-four skulls, usually on both sides. 


LEMUROIDEA 


In 104 skulls of true lemurs the postglenoid foramen was present in all 
but one case (99 per cent.) and was large in size, larger than the jugular 
foramen. The mastoid foramen was present fifty-eight times in seventy-eight 
skulls in which the mastoid portion was available for examination (74-4 per 
cent.), forty-seven times on both sides, three times on the left side only and 
eight times on the right side. The foramen was very variable in size. 
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In thirty-two skulls of Indris and Propithecus, the postglenoid foramen 
was present in all: the mastoid foramen was present twenty-five times bi- 
laterally and twice unilaterally (84 per cent.). In fifty-five Galago skulls the 
postglenoid foramen was present in all cases and was large in size. The mastoid 
foramen was present four times bilaterally and twice unilaterally (10-9 per 
cent.), and was small in size. In twenty-nine skulls of Perodicticus the post- 
glenoid foramina were small and sometimes absent. (In seventeen skulls the 
foramen was identified with certainty on one or both sides, while in eight 
others its presence was doubtful.) The mastoid foramen was present on two 
occasions (6 per cent.). 

In forty skulls of Nycticebus there was present in every case a foramen 
which was taken to be the postglenoid foramen but which was situated farther 
medially than the usual site. The mastoid foramina were smal] and difficult 
to identify. In sixteen skulls of Loris and three skulls of Chiromys neither 
postglenoid nor mastoid foramina were found. 


TARSIOIDEA 


In all of the seven skulls of Tarsius large postglenoid foramina were 
present; mastoid foramina were small. 


DISCUSSION 


The parietal foramen would be present thirteen times in a group of one 
hundred Simians composed of equal numbers of the four genera, gorillas, 
chimpanzees, orang-utans and gibbons (Table I). The Simian family stand in 
an intermediate position between Man, in whom the parietal foramen was 
found present in 60-5 per cent. of skulls, and the other monkeys, in which the 
foramen was rarely present (1 per cent.) (Table II). 

It has been found convenient to include under the term “ parietal foramen” 
foramina which were situated, not actually in the parietal bone, but in the 
apex of the occipital bone. This was done because such foramina are openings 
in the skull roof and correspond to the human parietal foramen. An occipital 
foramen, when present in Man (1-6 per cent. skulls), was found at or below 
the inion. While in Man the parietal foramen varies in position within fairly 
well-defined limits, in the Simians it is found in or close to the median plane, 
in the posterior half of the parietal bone, or even in the apex of the occipital 
bone. 

In the Simian group the parietal foramen was present most often in the 
gorilla (26 per cent.) and least often in the gibbon (7 per cent.). If the strictly 
“parietal” foramina only be considered, the difference is even more marked; 
the Simians can then be ranged in order: gorilla 20 per cent., chimpanzee 
8 per cent., orang-utan 3 per cent., and gibbon 2 per cent. The gorilla also 
approached Man in that the parietal foramen was sometimes double; in the 
other apes the foramen was invariably single. In several gorilla skulls there 
were, as in Man, incomplete parietal foramina. 
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It is possible that the greater frequency of occurrence of the paricial 
foramen may be correlated with the larger cranial capacity and size of brain, 
because a gradation may be found from the Lemuroidea, in which the foramen 
is absent, up to Man, in whom it is present in 60 per cent. of crania, and in 
whom it is bilateral in 20 per cent. 

The mastoid foramen was present in the Simian group in 44 per cent. of 
cases compared with 68 per cent. in Man and 66 per cent. in the other monkeys, 
This relative infrequency is due to the small percentage found in the gorilla 
and chimpanzee. In orang-utans, however, the frequency (81 per cent.) and 


Table I. Actual and percentage frequency of foramina on 


one or both sides in the Simiidae. 
Parietal Squamosal or 
A Mastoid Condyloid postglenoid 
“ True ” A. A. + C 


Fora- P.F.  Fora- Fora- Fora- 
mina Skulls % % mina Skulls % mina Skulls % mina Skulls % 
Gorilla 42 159 264 200 25 144 174 12 113 106 1 159 06 
Chimpanzee 12 137 87 8-7 18 128 14-0 19 115 165 0 
Orang-utan 10 98 10-2 3-0 80 98 81-6 1 95 10. 2 98 2-0 
2-0 0 
8-4 


Gibbon 8. 7-0 68 107 63-5 0 103 113 0 
Percentage 13-1 44-1 7-0 06 
of group of 
Simians 
Table II. Percentage comparison of Primates. 
Foramina present on one or both sides 
“ “True” Squamosal or 
Skulls examined parietal Mastoid Condyloid postglenoid 


0-6 


426 Simiidae 0-6 
113-159 gorillas 
115-137 chimpanzees 
95-98 orang-utans 
103-113 gibbons 

100 other monkeys 
Lemuroidea 

78-104 true lemurs 
165 other Lemuroids 
7 Tarsius 


COS 


size of the mastoid foramen was remarkable. Among Lemuroids the frequency 
varied enormously. In a group of true lemurs the percentage was 74. 

The condyloid foramen was in Man the one most constantly present and 
largest in size (77 per cent.). In the Simians it was only present in 7 per cent. 
of cases and in the other monkeys in 4 per cent. Among the Simians it was 
most frequent and largest in size in the chimpanzee (16-5 per cent.), and next 
in the gorilla (10-6 per cent.). It was absent in all Lemuroids. 

The postglenoid foramen was rarely present, alike in the Simians and in 
Man (0-6 per cent.). This was in marked contrast to the other monkeys in 
which the foramen was present in 54 per cent..of cases, and the true lemurs 
in which it was present in 99 per cent. Whereas in most Lemuroids and in 
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Tarsius the foramen was invariably present and often large, in Perodicticus 
it was small and sometimes absent. In the skulls of Loris and Chiromys 
examined no foramina were found. 


SUMMARY 


In an examination of the Primates in relation to the frequency of the 
emissary foramina of the cranium, a graded series can be demonstrated from | 
the Lemuroids, in which the parietal foramen is invariably absent, up to Man, 
in whom it is present in 60 per cent. of skulls. The Simian group are dis- 
tinguished from the other monkeys and approach Man, not only in the greater 
frequency of the parietal foramen, but also in the rarity of the postglenoid 
foramen. Among this group, the gorilla shows a greater frequency of the 
parietal foramen and the chimpanzee and the gorilla of the condyloid foramen. 
The orang is remarkable for the size and frequency of the mastoid foramen. 
The present paper confirms the significance of the previous findings, which 
were based on an examination of a smaller number of anthropoid crania. 
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BREECH FUSED TWIN MONSTER 


By Pror. M. A. H. SIDDIQI, M.S., F.R.C.S. (ENe.) 


Department of Anatomy, University of Lucknow, India 


Tue specimen to which the following description applies has been in the 
College Museum for some long time. No details regarding its birth or its 
history are available. 


Fig. 1. Anterior view. Fig. 2. Posterior view. 


EXTERNAL FEATURES 


The accompanying two photographs represent the anterior and posterior 
surfaces of the twin monster. The posterior surface presented a single genital 
tubercle encircled by a pair of genital folds or swellings midway between the 
buttocks of the two foetuses. Beyond the junctional area, the parts were 
normal in every respect and were characteristic of a seven months’ foetus. The 


fr 
de 
gt 
di 
cc 
a 
la 
m 
| 
Navel Tubercle co 
mi 
co 
i 
| 4 
ge 
co 
Af 
fre 
sui 
pr 


Breech Fused Twin Monster 119 


front view shows that the ventral abdominal walls of the two foetuses were 
continuous; a single median navel marked the junction of the two. 

Dissection of the abdomen revealed that in each foetus the abdominal 
oesophagus and stomach were normal. The ventral mesogastrium and its 
derivatives were also normal. Of the folds derived from the dorsal meso- 
gastrium the gastro phrenic and gastro splenic ligaments were normal, but the 
greater omentum retained its early foetal character in that it was attached 
directly to the posterior abdominal wall without the intervention of a transverse 
colon. Its attachment to the posterior abdominal wall coincided with that of 
a normal transverse mesocolon. The pancreas was present between its two 
layers near the root. 

The omental bursa was normal with the exception of its lower posterior 
boundary due to lack of fusion between a transverse mesocolon and the dorsal 
mesogastrium. 

The first and second parts of the duodenum were normal but the third part 
was poorly developed. The third part turned sharply forwards at the duodeno- 
jejunal flexure. The duodenum was not crossed by the root of the mesentery 
proper. 

In each foetus the loops of the small intestine, 37 cm. in length, were 
attached by a mesentery to the posterior abdominal wall. The terminal loops 
opened into and became continuous at right angles with a common colon. 

The large intestine was a common wide thin-walled tube, 15 cm. in length, 
running directly backwards across the middle of the common peritoneal 
cavity. It was slung in the middle line by two mesocolons which became 
continuous on either side with the corresponding mesenteries proper of the 
two foetuses (fig. 4). No demarcation between the various parts of the colon was 
possible and there was no trace of an appendix. The lowest part or common 
rectum was apparently sandwiched between two urinary bladder sacs. 

The colic tube was attached on either side by a mesocolon continuous with 
the two mesenteries proper. The attachment of this continuous enterocolic 
mesentery on the posterior abdominal wall is V-shaped, the apex of the V 
corresponding to the enterocolic junction. 

Fig. 8 shows the attachment of the mesenteries to the posterior abdominal 
wall and the relation of structures present in the actual specimen. 

The cavity of the rectum, as shown in fig. 3, opened by a comparatively 
small circular aperture into a common bladder cavity. 

The kidneys and ureters of both foetuses were normal in size and position. 

Like the distal limb of the gut the analage of the bladders and external 
genitalia had also undergone fusion. As shown in figs. 3, 5 and 6, there was a 
common bladder transversely situated at the junction of the two foetuses. 
After opening the peritoneal cavity, as in fig. 3, the central part was hidden 
from view by the orientation of the terminal part of the colon on its anterior 
surface. The lateral parts were visible as hard pyramidal sacs with urachal 
prolongations to the navel. After dissecting the rectum from the anterior 
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Fig. 4. The enterocolic junction. 
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surface of the bladder the aperture of communication between the two cavities 
was well demonstrated as in fig. 6, and the fused nature of the bladder was 
revealed. On opening the bladder from its anterior aspect a transversely folded 
ridge was seen partially dividing the cavity into two parts, each part having 
ureteral openings and an internal urinary meatus leading into a urethral 
canal (fig. 7). 

The urethral canals traversed a mass of cavernous tissue and converged as 
they passed into the common genital tubercle (fig. 5). 

Two undescended testicles with their corresponding ductus deferentia were 
present in each foetus. Each ductus deferens, after crossing the hypogastric 
artery and the ureter, passed between the rectum and bladder, and further dis- 
section proved that it ultimately became confluent with the bladder wall 
(fig. 6). 

DISCUSSION 


The foregoing description may be explained by reference to the usual 
development of the digestive tube from the primitive U-loop. The proximal 
limb with its mesentery has given rise to the small intestine, and the distal 
limb with its mesentery to the large intestine which in this case has fused with 
that of the opposite side, resulting in a common colic tube with the corresponding 
mesenteries on either side attached to it. Such a fusion of the entire distal 
limb of the U-loop must have taken place by a breech approximation of the 
two equally aged embryos when the gut was in the U-loop state and before any 
herniation took place, i.e. before the 5th week of development. Such a com- 
plete and uniform fusion could not have been possible either in the umbilical 
sac or in the peritoneal cavity after reduction had taken place. 

Figs. 8 and 9 have been diagrammatically drawn to show the possibility of 
such an occurrence. The distal limbs of the two loops which would otherwise 
have given rise to the terminal ileum and to the whole of the colon have fused 
into a single colic tube which, with the persistent original mesenteric attach- 
ments of the two distal loops on either side, have given rise toa median septum. 

The part of the ventral body wall caudal to the body stalk also fused, 
resulting in a common peritoneal cavity and a common umbilical cord. 


SUMMARY 
1. Certain peculiarities in a breech fused twin monster are described. 


2. A common anterior abdominal wall, navel, genital tubercle and _peri- 
toneal cavity are present. 


8. There is a single common colon with which the small intestines of both 
foetuses are continuous. 


4, The anal canal is absent. The distal end of the common colon opens by 
an orifice into a common bladder cavity. 
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5. There is a common urinary bladder presenting a transverse ridge 
showing its double origin. 


6. There are two urethral canals which converge and pass into a common 
genital tubercle. 


7. The ductus deferens terminates on the bladder wall. Its continuity 
with a urethral canal is not traceable. 


8. An embryological explanation of the above peculiarities is given. 
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ANATOMICAL NOTE 


CERVICAL INTERCOSTAL ARTICULATION IN 
A NORTH AMERICAN INDIAN 


By T. D. STEWART 
Division of Physical Anthropology, U.S. National Museum, Washington 


THE report of a single case is excusable only when the condition represented is of 
rare occurrence. To withhold such a description in the hope of securing a series must 
often mean indefinite postponement and ultimate failure to report. These con- 
siderations have led me to describe at once the anomalous specimen which by a lucky 
coincidence was observed just after reading the recent communication in this Journal 
by Cave(1). The rarity of cervical intercostal articulations may be judged by the fact 
that, in addition to his own specimen, Cave was able to locate only one case in the 
literature. Both of these specimens had the accessory articulation on the left side, 
between the third and fourth cervical vertebrae in one, and between the sixth and 
seventh in the other. The case about to be described has the — on the right 
side and between the fifth and sixth vertebrae. 

The new specimen bears the U.S. National Museum arene 290059 ; it was re- 
covered in 1916 by C. B. Moore(3) from a prehistoric Indian site on Green River, 
Kentucky—burial number 47. The sex is unquestionably male; the age (judging by 
suture closure, tooth wear, and vertebral lipping) 35-40 years. Tribal affiliation may 
be learned by reference to the Catalogue of Crania(2). The skeleton as a whole 
appears to be free of pathological changes. 


THE FIFTH CERVICAL VERTEBRA 


The upper part of the left costal element has been destroyed. Some damage has 
been done also to the tips of the bifid spinous process and right transverse process. 
Asymmetry is limited essentially to the transverse processes. The left process appears 
to be typical, though with a somewhat constricted neural gutter. On the right side, 
however, the gutter is broad and slightly shallow; the costo-transverse lamella is 
considerably thickened, and the posterior tubercle is shortened. The right costal 
element is also thickened, and from its inferior surface, as well as from that of the 
costo-transverse lamella, a stout process projects downward and, slightly backward 
3 mm. below the level of the mid-point of the lower vertebral body surface. The tip of 
this anomalous process is flattened antero-inferiorly so as to form an articular surface 
measuring 5 x 6 mm. On the medial surface of this process is a cranio-caudal groove 
continuing from the foramen transversarium and thus accounting for the lesser 
dimension of the articular surface. On each side the foramen transversarium is well 
developed and of the same size. 


THE SIXTH CERVICAL VERTEBRA 


The tip of the spinous process is missing; also the tips of the tubercles of the 
transverse processes are slightly damaged. Minor asymmetry of the superior articular 
processes is apparent, that on the right being flatter and facing more forward than its 
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mate. Just below the left superior facet is a hook-like process projecting 3mm. The 
inferior articular processes of C 5 are correspondingly altered, even to the indentation 
on the left for the hook-process. A major asymmetry appears again in the transverse 
processes. The left is essentially typical, with a well-formed foramen. On the right 
there is no foramen and the neural gutter is narrow, as is also the whole transverse 
process. No marked thickening is noticeable. The posterior tubercle was probably 
of the same size as that on the left, but the anterior tubercle is shortened and bent 


Fig. 1. Cranial (A), anterior (B), and right lateral (C) aspects (simplified) of fifth and sixth cer- 
vical vertebrae, showing modified anterior tubercles (5A, 6A), normal anterior (a) and pos- 
terior (p) tubercles, and neural gutters (stippled). Cross-hatching represents damage. 


forward and upward, terminating in an articular facet 3 mm. in diameter that faces 
upward and medially. Since some damage has been done to this tubercle it is impossible 
to determine its original shape. Nevertheless, it does not appear that the articular 
facet was any larger, nor that it was oriented so as to come in contact with that of the 
similarly anomalous process of C 5. The arrangement, when the two vertebrae are 
articulated, suggests that a third element—perhaps free—may have made contact 
between these two surfaces. 
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CoMMENT 


This case contributes nothing to alter Cave’s excellent interpretation. Its interest, 
apart from the difference in race and anatomical position, lies in its close duplication 
of the details of his recently described case. That this anomaly is a clear-cut entity 
seems evident. The underlying cause will probably prove to be just as definite. 

It might be added that among some forty other cervical columns from the same 
locality no other examples of the anomaly were found. Moreover, I do not recall 
having seen another case among hundreds of Indian and Eskimo columns personally 
examined, although such an anomaly might very readily be missed when not looked 
for specifically. 
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REVIEWS 


The Elements of Experimental Embryology. By Juuian S. Hux ey and G. R. 
De BEER. (Cambridge University Press.) 1934. Pp. xiv+514, 221 figs. 
Price 25s. net. 


Spemann, when giving a few years ago in the London University some lectures on 
his own embryological and experimental work, remarked that it was a matter of 
astonishment to him that this new branch of biology had not become a flourishing 
field of research in England. Its freedom from theory, its essentially practical and 
experimental nature were the very qualities deemed to be the most congenial to the 
English temper. 

Owing to a series of accidents experimental embryology, which has flourished in 
Germany and America, has hitherto not been of great importance with us. This state 
of affairs obviously could not continue after Spemann’s own brilliant work and 
interest has now been thoroughly aroused. Experimental embryology has com- 
pletely escaped from a mesh of jargon and metaphysics which enveloped it and a new 
learning has been produced. In our anomalous grouping of subjects embryology has 
been left to the anatomists. The new science consequently belongs to the anatomists. 

To plan and perform good experiments is never easy, and in embryology they 
can only be planned and performed by those who are well trained in developmental 
anatomy. 

The present book makes available the most interesting and important part of the 
recent experimental work on development. This means of course the earlier stages 
of ontogeny from cleavage to the neural stage when the main organs have been 
blocked out. 

At a moment when young biological workers must be eagerly watching this new 
field of investigation the appearance of an able and lucid exposition of the newer 
knowledge is most opportune and welcome. To anyone who wishes to find his way in 
this territory the book would seem to be exactly what is wanted. It is logically 
planned, the authors have reflected upon the biological discoveries they describe and 
the presentation of these is a reasoned exposition into which each contribution is 
fitted. 

A complete bibliography is admirably arranged and there is an index as well. 
Those who have followed the work in experimental embryology will find themselves 
familiar with a great deal that has been presented in this book. They will heartily 
endorse the dedication to Spemann and Ross Harrison, and will find the first half of the 
book on the localisation of developmental factors and organisers to their taste, but 
may feel some reluctance in sharing the authors’ enthusiasm for the gradient theory 
of Child. 

It is a book that every biological worker will agree makes an excellent addition to 
the rather meagre English literature of this subject. 


Cours Elementaire de Dessin D’ Anatomie du Squelette. By A. MorEavux. 
(Paris: Masson et cie, Editeurs.) 19384. Pp. 44, 33 plates. Price 10 fr. 


This book attempts to reduce the skeletal parts of the body to their simplest 
form for the benefit of students of anatomy who find difficulty in visualising shape. 
The author has produced a series of geometrical figures which should make it easy 
to remember the general shape of the bones and to draw them. 
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PROCEEDINGS OF THE ANATOMICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 


NOVEMBER, 1933 


The Annual Meeting of the Society was held at St Thomas’s Hospital 
Medical School on Friday, 24 November, 1933. The President, Professor A. F, 
Drxon, in the Chair. 


Dr M. A. MacConaixt read a paper on “An unusual malformation of the 
tongue.” A male infant died three days after birth, efforts to feed it by mouth 
having been quite unsuccessful. During life the mouth cavity had been ob- 
served to be obstructed by a great enlargement of the tongue. Post-mortem 
examination, by dissection from one side of the mouth, disclosed a completely 
cleft soft palate, and a cleft in the hard palate extending forwards to the site 
of junction of the premaxillary bones, these being fused. There was no hare-lip. 
The tongue was greatly enlarged, and the portion in front of the glosso- 
palatine folds projected into the nasal cavity. The mouth was occupied by the 
sublingual portion, the corresponding folds being much larger than normal. 
The hypoglossal nerve was traced into these folds. An examination of the 
intranasal part of the tongue showed it to consist of striped muscle covered by 
the epithelium characteristic of the pars anterior of normal specimens. The 
circumvallate papillae were placed relatively far back, and were difficult to 
see. The thyroid gland was present, and in all other respects the child was 
normal. 

The condition represents a persistence of the embryonic position of the 
dorsum linguae due, no doubt, to the enlargement and swelling of the sub- 
lingual folds, which prevented the normal descent. The cleft palate would, 
then, be secondary to the lingual deformity, a conclusion in conformity with 
the post-premaxillary situation of the cleft. 


Dr A. J. Grove and Mr G, E. NEwELL made a communication on “A case 
of abnormality in the venous system of the common frog, Rana temporaria,” 
which will be submitted for publication in the Journal of Anatomy. 

In the discussion which followed, Dr Grove stated in reply to: 

Professor Wricut’s query regarding the plexus formation of the vessels. 
Both right and left Cuvierian sinuses develop from plexuses of vessels 
lying in the region of the septum transversum. As suggested in the paper, 
abnormalities in the adult anterior venae cavae are probably caused by a 
similar abnormality in the Cuvierian sinuses of the embryo. 

Professor WooLLarp’s query regarding situs inversus. It has been shown 
by Spemann and his school that the situs inversus viscerum can affect the 
symmetry of the heart. It is doubtful however, whether this condition is 
operative in the present case, because (a) no abnormalities were noticed in the 
other organs; (b) it is always the right vena cava which is affected, and if the 
situs inversus viscerum were the cause, no such constancy would be expected. 

The PrestDENt’s query regarding the condition of the pulmonary vein. The 
common pulmonary vein lying in the floor of the sinus venosus was a distinct 
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vessel and not a ridge. This was shown by the insertion of a bristle into it, the 
bristle being completely enclosed. 


Dr A. J. E. CAVE gave a communication on the “ Neuro-central epiphyses.” 
This term he proposed for certain hitherto undescribed epiphyses, of a some- 
what early appearance and transient nature, occurring in the neuro-central 
synchondral cartilage of immature human and mammalian vertebrae. These 
structures are four in number, two cranial and two caudal. They develop as 
outgrowths from the primitive intervertebral cartilaginous complex, and are 
not only independent of the costal element but are also distinct from the 
known epiphyses of both arch and centrum. Morphologically they are prob- 
ably hypochordal. On either side they may fuse together or remain discrete 
but ultimately coalesce with the vertebral centrum long prior to the union 
therewith of the neural arch. They are most frequently encountered in the 
thoracico-lumbar spine (Man, Anthropoids, Carnivora, Ungulata), and in the 
neck are best seen in the axis vertebra where they assume the form of two 
rounded nodules. A full account of their anatomy will be submitted for 
publication in the Journal of Anatomy. 

Professor LE Gros CLark enquired whether these epiphyses occurred all 
the way down the vertebral column. Dr Cave replied that so far as he had 
encountered them solely in the presacral region of the spine. They are probably 
absent from the sacrum. 

Professor H1LL remarked that the axis vertebra of the sheep or ox would 
afford a suitable field for the study of their early development. 


Dr K. J. FRANKLIN showed two films. The first was an X-ray cinemato- 
graph film kindly made for him earlier in the year by Dr Robert Janker, of the 
Réntgeninstitut der chirurgischen Universitats-Klinik und Poliklinik, Bonn. 
This film showed the passage up the inferior vena cava of X-ray opaque 
substances (Perabrodil or Thorotrast) injected into the femoral veins of four 
cats, and it demonstrated clearly that the lumen of the thoracic inferior vena 
cava is very greatly diminished in inspiration in this species. Examination of 
enlargements made from the film showed that not only the lumen, but also 
the volume of this vessel was lessened in inspiration. The film thus confirmed 
results on the isolated veins of the dog, cat and rabbit (Franklin, K. J., 
J. Physiol. 1933, vol. LXx1x, p. 470), and supported the view that in inspiration 
the structural peculiarities of this vessel in these species cause a diminution in 
its volume, which the accompanying decrease in intramediastinal pressure is 
unable completely to annul. The second film was an ordinary one, made to 
show the action of the diaphragm upon the thoracic inferior vena cava at the 
caval foramen. Under deep anaesthesia one cat, two dogs, and two rabbits 
were photographed with the thorax open on one side, and it was obvious that, 
under these circumstances, there was a greater or less degree of constriction of 
the vein in inspiration at the caval foramen. An account of these latter findings 
has been submitted for publication in the Journal of Anatomy. 

Professor BLarr enquired whether the adherence of the wall of the inferior 
vena cava to the diaphragm would prevent collapse of the vessel. Dr FRANKLIN 
in reply said that in these species the upper surface of the vein lengthens more 
than the lower in inspiration and the diaphragm contracts caudally and 
ventrally. The lumen is thereby automatically diminished, and still more so if 
there is a strong “caval band.” 


9—2 
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Professor WooLLARD remarked, with reference to obstruction to the fiow 
of blood in the inferior vena cava, that elongation ought to compensate for 
any constricting influence. He was doubtful whether any change of volume 
_ of the inferior vena cava would counteract the effect of negative pressure on 
the vein. 

Dr FRANKLIN replied that the X-ray film showed that the volume was less, 
if inspiration was at all deep, in the cat. The results found on isolated veins 
tend to confirm this view (q.v. supra). Direct photography, therefore, in the 
intact animal, and indirect estimations made with isolated vessels, suggest 
that the decrease in intramediastinal pressure cannot completely negative the 
diminution in volume caused, during the lengthening of the vein, by the 
peculiarities of its structure described in previous volumes of the Journal of 
Anatomy. Dr Franklin wished to emphasise that these views of volume change 
of the thoracic inferior vena cava are at present limited to the three species so 
far examined, and cannot be applied, without further experimental evidence, 
to Primates. 


Dr J. M. Yorrey read a paper on the “Origin and significance of the blood 
lymphocytes.” 


Dr A. DurwarpD gave a communication on the “Origin of the corpus 
striatum in Birds,” which will be submitted for publication in the Journal of 
Anatomy. 

In the discussion which followed Dr Durwarp in reply to a question by 
Professor WooLLARD stated that his own investigations into the development 
of the hemispheres in Sphenodon confirmed the findings of Miss Hines; the 
hypopallium develops in situ and not by extension from any pre-existing 
cortical sheet. 


Professor C. J. PArTEN showed specimens of (1) bilateral capsular insertion 
of the pectoralis minor muscle, and (2) two sternal muscles. 

With reference to the supposed homology of the tendon of insertion of the 
pectoralis minor muscle with the coraco-humeral ligament, Dr F. Davies 
stated that he had seen a specimen in an adult dissecting room subject at 
King’s College in which the pectoralis minor passed over the coracoid process 
of the scapula (a bursa intervening between the tendon and the bone) and was 
inserted entirely into the capsule of the shoulder joint, while co-existing with 
this arrangement of the muscle a normal coraco-humeral ligament was present. 
This suggested that the ligament was not morphologically the distal part of 
the pectoralis minor. ; 

Professor PaTTEN also read a paper on “ Hypertrophy of the beak in Birds.” 
In form, shape, size, and several other characters, the avian beak presents a 
signal range of variation. For feeding purposes, preening, and other everyday 
activities, Nature might well have omitted many embellishments. Great 
numbers of Birds, remote in affinities, and possessing very different kinds of 
beaks, are omnivorous and obtain their food after a similar fashion. In such 
generalised types we might have expected something more in the direction of 
uniformity. But this seeming plethora of variation becomes explicable, when 
we take into account the ostensible part which the beak plays in the réle of 
sexual selection. Correlated with the assumption of the nuptial plumage, in 
many cases adorned with toppets, frills, and head crests; correlated also with 
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the turgidity of combs, wattles, and other fleshy “ornaments”; the beak in 
spring—in the adult—takes its share in elaboration, ranging from colour- 
change only (though this is often very intensive), to the development of ex- 
erescences, bony knobs, sculpturing, and also an appreciable degree of general 
enlargement. When the breeding season is over, the horny covering is shed, in 
part or entirely; the beak in winter being reduced in dimensions. The familiar 
puffin affords a well-marked example. But these natural hypertrophic changes, 
which take place in spring, may become excessive, and then a serious patho- 
logical condition ensues, which usually proves fatal. The horny sheath clothing 
the tip of the premaxilla grows rapidly forwards and, having no bony support, 
it generally curves downwards, interfering with the juxtaposition of the 
mandible. This hypertrophied sheath may exceed considerably the length of 
the natural beak. Though devoid of a bony core—the premaxilla itself under- 
going no hypertrophy—the prolongation becomes thick and strong, and it is 
questionable if it is ever shed at the end of the breeding season. At any rate 
very few birds thus affected survive until the end of that period. Feeding in 
the ordinary way becomes impossible. In its endeavours to stave off starva- 
tion, the victim makes frantic efforts to obtain its food by applying its face to 
the ground on opening the mandible. Fracture of the latter may take place 
before the bird succumbs. Excessive hypertrophy of this sort developed in 
ten days in a starling, which I kept under observation. The hypertrophied 
part exceeded in length that of the natural beak. The bird survived three weeks 
only. It is noteworthy that not only in families, genera, and species, but also 
in individuals of the same species, variations in length and curvature occur 
apart from pathological conditions. The long, slender-billed curlew affords a 
striking example. Furthermore, the stout, hooked points of the upper and 
lower segments (maxilla and mandible), in the beak of the crossbill may cross 


right or left, and the crossing of these tips may be moderately or pronouncedly 
marked. 


Mr JEFFERY showed models of the lesser sac of the peritoneum, the 
inguinal canal, and the ischio-rectal fossa. He also showed a model of the 
pelvis which demonstrated the variations in its position according to changes 
in the position of the limbs and of the vertebral column. 


FEBRUARY, 1934 


An ordinary Meeting of the Society was held at the Medical School of 
Guy’s Hospital on 2 February, 1934, Professor LE Gros Cuarx in the Chair. 


Professor T. B. JoHNSTON read a paper on the “Inferior medullary velum, 
and peduncle of the flocculus,” which will be submitted for publication in the 
Journal of Anatomy. 

In the discussion which followed, Professor JoHNsTON in reply to a question 
by Professor WEsT said that he could not regard the inferior medullary velum 
as a single structure, because on each side of the median plane it represents 
the vestiges of the connection between the flocculus and nodule, whereas in 
the median plane the nodule has not undergone retrogressive changes. 


Dr G. W. Nicuoson showed slides of ‘A microcystic teratoma attached 
to the roof of the fourth ventricle,” in a male infant aged 12 months. In 
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addition to skin with hairs and cutaneous glands, subcutaneous fat, much 
neuroglia, ependyma, peripheral nerve ganglia and nerves, a few fibres of 
striated muscle and intestinal cysts, it contains a nodule of expanded lung, with 
vascularised alveoli and elastic fibres, and containing bronchi with ciliated 
epithelium, mucous glands, smooth muscle and bars of cartilage. The alveoli 
contain a little coagulated fluid. The pulmonary tissue is attached to its sur- 
roundings by a fibrous capsule. Connections with the surface were not 
demonstrable. 


Professor R. B. GREEN and Dr J. W. Wi1I1s showed a cinematograph film 
illustrating the dissection of the brain. The film was designed to assist in the 
teaching of the central nervous system by showing the student what he may 
reasonably expect to see in his own dissection, and to give him some idea of 
the methods of dissection useful when studying the brain. 

Professor Woo.LarD, Dr Cave, Professor JoHNsTON and Dr ApPLEToN 
expressed their high appreciation of the method of dissection and the value of 
the film for teaching purposes. Professor WooLLArRD said that the demonstra- 
tion by films should not however take the place of individual dissections made 
by the student and quoted Huxley who maintained that “the student should 
handle the material he is studying.” 

Professor Lucas KEENE said that from the point of view of teaching, it 
was desirable that the whole outline of the brain, should be in view, whenever 
possible. Dr AppLeTon thought it would be possible to accomplish this, by 
bringing the cinema close up to the brain. 

Dr E. B. Jamieson emphasised the value of using blunt instruments for 
the display of tracts of nerve-fibres, and said that the knife should be used as 
little as possible. 


Dr A. J. E. Cave read a paper on an “Anomaly of the cervical articular 
pillars.” The specimen consists of the third, fourth and fifth cervical vertebrae 
from the otherwise normal column of an adult male subject which belongs to the 
Anatomical Museum of the School of Anatomy, Trinity College, Dublin, and 
is available through the courtesy of Professor A. F. Dixon. There is absolutely 
no evidence of pathological change in any of the bones. The fourth vertebra 
manifests a unilateral (left-sided) condition of spondylolysis, obviously con- 
genital in nature, and compensatory changes are evidenced by the vertebrae 
immediately above and below, in their successful effort to maintain both the 
symmetry of the cervical spine as a whole and the correct morphological 
alignment of the articular processes. 

The right half of the fourth cervical vertebra is typical in character but the 
division of the left articular pillar (constituting the spondylolysis) has resulted 
in a general asymmetry, viz. caudal displacement of the left transverse process 
and dislocation to the right of the spinous process. The pillar division is such 
that the (left) superior articular process remains with the transverse process 
and is separated by a wide gap in the neural arch from the inferior articular 
process, which, together with the main mass of the pillar, retains its continuity 
with the left lamina and spinous process. The divorced superior process has a 
slipper-shaped facet, concave from side to side and prolonged medially as a 
tapering “‘tail.’’ It lies on a more caudal plane than its opposite fellow, its 
cranial edge being below that of the left neuro-central apophysis; it articulates 
with the left inferior process of the third vertebra. The fourth left inferior 
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articular process is diminished in area and is disposed in the plane of its 
opposite fellow, facing, but slightly caudal to, the separated superior process. 
It articulates in the usual manner with the fifth vertebra. The left articular 
pillar, irregularly convex, bears antero-medially a facetted eminence, which, 
separated by a notch from the main mass thereof, is received into a depression 
on the lamina of the third vertebra. 

The third cervical vertebra retains its essential features. Its left articular 
pillar has suffered slight bodily displacement caudalwards in its attempt to main- 
tain correct zygapophyseal junction with its subjacent neighbour. A smooth 
burnished depression on the back of its left lamina receives the eminence 
projecting from the subjacent arch; otherwise its symmetry is preserved. 

The fifth cervical is asymmetrical, owing to compensatory adaptation to the 
condition of the fourth neural arch. Its body is somewhat warped, the right 
neuro-central apophysis is abbreviated and the left grossly exaggerated. The 
left articular pillar is greatly elongated; the superior articular process, reduced 
to one-third the normal area, meets the inferior process of the fourth vertebra; 
the normal inferior articular process meets the upper zygapophysis of the sixth 
cervical. Owing to this pillar being set further back than normal on the arch, 
the left pedicle appears unduly long and the transverse process has been 
dragged somewhat dorsally. The left neural gutter is wider than the right, 
though both have the same inclination to the horizontal. 

Although the underlying cause remains undefined, the unilateral spondy- 
lolysis of the fourth vertebra is obviously a congenital malformation. There is 
neither reason nor evidence to suggest a traumatic origin. Functional mobility 
in the cervical spine has been satisfactorily preserved, and the correct morpho- 
logical alignment of the zygapophyses maintained on the affected (left) side 
no less than on the opposite and normal side by the structural compensatory 
modifications of the third and fifth vertebrae. 

For this peculiar type of separation of the neural arch Faldani (Chir. d. 
Org. di Mov., 1928, vol. x11, p. 545) has proposed the term “spondylolysis.” 
It occurs in some 5 per cent. of fifth lumbar vertebrae, and is more rarely seen 
in the fourth lumbar or first sacral vertebra. By some orthopaedic surgeons 
the anatomical condition of synchondral union of arch and vertebra is thought 
to predispose to spondylolisthesis, although others deny this. Elsewhere than 
in the lumbo-sacral region the condition is rare. In the Leeds Anatomy 
Department is the third lumbar vertebra of a seven-year-old girl showing a 
right sided, and therefore partial, spondylolysis. Black (J. Anat., 1897, 
vol, XxxI, p. xxx) described unilateral spondylolysis in a first thoracic ver- 
tebra. The cervical case herein described appears to be unique; certainly no 
similar case is recorded in the literature. 

The precise nature of the congenital error is not understood. Most writers 
(Neugebauer, Thompson, Shore, Black, Sutton, Capener, Keith) incline to the 
notion that double centres of ossification (if not of chondrification) are present 
for the side(s) of the arch affected, i.e. one centre for the pedicle, transverse 
process and superior articular process, and another for the inferior process and 
the remainder of the arch. Such double centres have not as yet been actually 
demonstrated in the developing vertebra, but their occurrence as a variation 
cannot be excluded on those grounds, and their presence, upon occasion at 
least, remains the most obvious as well as the most satisfactory explanation 
of vertebral spondylolysis. 
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Replying to Professor Frazer, Dr CAvE said that no obvious explanation 
was forthcoming regarding any possible separation during ontogeny of mor- 
phological vertebral elements. The proximate cause seemed to be an anomalous 
arrangement of the chondrification or ossification pattern, but the origin 
thereof remained wholly obscure. 

Touching Professor JoHNsTON’s enquiry, there was no congenital elevation 
of the scapula in this case, and no apparent deformity of the neck. Neverthe- 
less, routine radiographical examination should be performed in all cases of 
congenitally elevated scapula since that condition (an atavistic phenomenon) 
is very frequently associated with malformations of the cervical spine. These 
malformations take the form of numerical reduction of vertebrae, often to an 
extreme degree, fusion of two or more vertebrae by their bodies or arches (the 
second and third cervicals being commonly involved), cervical rib, and the 
occurrence of the omo-vertebral bone or ligament. In the radiogram of such 
a case, which Professor Johnston demonstrated, there was undoubtedly 
fusion of several of the articular pillars. 

In reply to Professor Lockuart, Dr Cave held that the unilateral condition 
of the fourth cervical vertebra in this case was the precise counterpart of the 
spondylolysis affecting the fifth lumbar vertebra in 5 per cent. cases (more 
rarely the fourth lumbar or first sacral). Recently a unilateral spondylolysis 
had been met with in the third lumbar vertebra of a seven-year-old child. 
Trauma during delivery was out of the question as a causative agent. 
As to spondylolysis predisposing to spondylolisthesis, surgical opinion was 
divided on the point. Many writers (Shore, Capener, Willis) held that such 
predisposition was likely, the congenital condition of the fifth lumbar arch 
yielding under adequate traumatic strain. No personal experience on this 
point was available. 

In answer to Professor WooLLaRD, who quoted Gadow’s recent monograph 
on the evolution of the vertebral column, it was pointed out that the precise 
relationships of the arcualia to the human vertebra are as yet unknown with 
certainty, being presumed from Dawes’ work on the mouse column. In the 
present case there is no deficiency of the neural arch, i.e. no absence of any 
morphological unit, but merely a separation of the parts. 


Dr P. Jacoss described an ‘‘ Unusual case of hernia” found in a dissecting 
room subject, a female aged 69 years. Before the abdomen was opened a 
hernial sac was noticed protruding below Poupart’s ligament external to the 
femoral nerve on the left side. The conditions in the abdomen were as follows: 
a well-developed psoas parvus was present with a broad tendon ending below in 
a wide expansion, which was attached to the outer half of the deep surface of 
Poupart’s ligament and to the iliac crest for 2 in. behind the anterior superior 
spine, blending with the fascia iliaca. A loop of iliac colon (with mesentery) 
had pushed its way beneath the free semilunar margin of the expaiision, in- 
vaginating the parietal peritoneum before it. A similar psoas parvus with 
expansion was present on the right side, but no hernia was to be found. 

The case was discussed by Dr OpcErs, Professor West, Mr Ratpu THomr- 
son and Professor Frazer. Somewhat similar cases had been seen in which 
the hernia was retrofaseial, and it was thought that the edge of the opening in 
the fascia and Poupart’s ligament might have been raised by the expansion 
from the tendon of the psoas minor muscle. 
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Dr RuTHERFORD demonstrated a case of “Congenital obstruction in the 
prostatic urethra,” an account of which will be submitted for publication in 
the Journal of Anatomy. 

Professor Gros CLARK, Professor Frazer and Mr THOMPSON 
discussed the causes which might have produced the condition, and it was 
suggested that microscopical sections should be cut in order to ascertain the 
relations of the lower ends of the Wolffian ducts. 


Dr A. Durwarp, read a paper on a case of “Compression of the optic 
nerves by the carotid arteries.” The brain of an aged female in the dissecting 
room at University College presented an unusual degree of compression of the 
optic nerves by the internal carotid arteries. Both arteries were atheromatous 
and in addition the left showed an aneurysmal dilatation which had accentu- 
ated the compression of the nerve on that side. The left nerve was flattened 
into a thin ribbon immediately in front of the chiasma while the right nerve 
was deeply indented by the artery on its inferior and lateral aspect. 

The question arose as to the frequency of the condition. Compression of 
an optic nerve or other part of the visual pathway by aneurysm of a basal 
artery was recognised clinically but regarded as uncommon. The degree of 
compression found in the left nerve of this brain is extreme and rare; but a 
lesser degree of compression due to the proximity of an atheromatous carotid, 
as shown on the right side of this specimen, is commoner than is generally 
recognised. Professor Elliot Smith (Rev. Neur. and Psychiat. vol. 11, 1905, 
p. 182) found the condition with surprising frequency in the dissecting and 
post-mortem rooms in Cairo. In forty-six adult—and mostly aged—brains 
recently examined from this point of view no less than sixteen presented on 
one or both sides some impress of the carotid on the optic nerve. These were 
mainly dissecting room brains and it is admitted that lesser degrees of apparent 
compression in such brains may be produced, or at any rate exaggerated, by 
fixation of the brain in situ. 

In reply to Professor LE Gros Ciark. The presence or absence of degenera- 
tive changes in the optic nerves and tracts and in the geniculate bodies was 
being investigated histologically. Particular interest attaches to the possibility 
of degeneration resulting from the common minor degrees of compression 
associated with atheromatous carotids. 


Dr DENNy Brown demonstrated “Microscopic sections showing nerve- 
endings in the meninges and ependyma,” which will be submitted for publica- 
tion in the Journal of Anatomy. 


MAY, 1934 


An ordinary Meeting of the Society was held at the London Hospital 
Medical College on 4 May, 1984. Professor Le Gros Cuarx in the Chair. 


Professor WILLIAM WRIGHT made an interesting communication which he 
described as “An account of certain remnants of histeric interest.” The de- 
scription of the remains was preceded by a short survey of the historical events 
which took place in England during the latter part of the fifteenth century and 
was illustrated by lantern slides. 

_ Sir Artuur Kerra congratulated Professor Wright on the admirable way 
in which he had stated the evidence. In his opinion the proofs of the case 
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were complete, and afforded an excellent example of the way in which Ana- 
tomical facts may be used as an aid to history. Other members who took part 
in the discussion which followed were Mr Sprawson, Professor Patten, Dr 
Cave, Professor LE Gros CLark and Professor BEATTIE. 


Professor Beattie demonstrated the “Abnormal brain of a child” who 
died from pneumonia at the age of three weeks. A hare-lip was present and 
the cerebral hemispheres were limited. A full description of the abnormality 
will be published in the Journal of Anatomy. 


Dr K. C. RicHarpson, communicated a paper on “Secretory activity in 
the oviduct of the fowl.” A series of lantern slides made from photomicro- 
graphs of sections taken through the various anatomical regions of the oviduct 
were demonstrated. The tubular glands in the corium of the infundibulum 
were shown to contain the chalaziferous secretion. In the albumen region the 
albumens are secreted from the tubular glands in which stages of rest, maximum 
activity and regeneration may be distinguished and the gluco-proteins of egg 
white are localised in the ciliated epithelium. A viscous secretion of ovokeratin 
was shown flowing from the isthmal tubules in fibre-like strands from which 
the shell membranes are formed. An attempt was made to study the secretion 
of calcium salts in the uterus by microincineration. In the uterine epithelium 
special secretory granules, stained with haematoxylin possessed a definite 
organic residue but were subsequently identified as the pre-secretion material 
from which the organic matrix of the shell is derived. 


Dr G. C. Knicut, communicated a paper on “ An experimental investiga- 
tion of the oesophageal innervation.” 

Professor LE Gros CLarK, Professor WoonLarD and Professor BEATTIE 
took part in the discussion and congratulated Dr Knight on the important 
contribution which he had made towards the solution of the difficult problem 
of the vagal and sympathetic supply of the oesophagus. 


Professor H. H. Woo..arp read a paper by Dr G. WEDDELL and himself 
entitled “‘Observations on limb arteries.” 

Professor LE Gros CLark remarked on the importance of such observations 
with regard to their application to clinical work. 


Dr A. B. APPLETON read a paper on “Torsion of the humerus in phylogeny 
and ontogeny.”” Experiments with rabbits had shown definitely that the exact 
form acquired by a long-bone, the pelvis or vertebral column, is dependent not 
only on inherited morphogenetic potentialities but also on the precise details 
of posture and movement habitual to the individual. The manner in which 
form potentialities are realised depends on the character of the limb functions. 
The humerus of Man exhibits a high degree of variation in respect of the 
torsional angle. Inasmuch as torsional modifications of the femur and tibio- 
fibula are brought about in the rabbit by rotatory displacements of the limb 
segments it is probable that the predominant position of the humerus in a 
given human individual, in respect of axial rotation, plays a decisive part in 
determining the torsional angle attained in the course of growth. It is unlikely 
that exceptional positions of the limb, seldom adopted by the individual, play 
any important part in determining the precise course of form growth. 

The effects of differences in the manner of employment of the hind limbs 
of the rabbit upon the form acquired by the bones were illustrated by a 
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cinematograph film showing, firstly, the asymmetrical postures and move- 
ments of the hind limbs in rabbits in which one hind limb only had been the 
subject of experiment, and secondly, the asymmetrical form acquired by the 
bones of the two hind limbs in these animals. Considerable modifications in 
the course of form growth occur only when there has been recognisable modi- 
fication of function; they have been recognised in non-experimental limbs; 
and they occur in bones remote as well as near to the site of the operation or 
splinting employed to produce postural modification. 

Dr Appleton proceeded to point out that phylogenetic changes in the 
torsional angle of the humerus can be studied adequately in their relation to 
function only when we take into account the changes of form in the proximal 
end of the humerus and the changes that take place in the movements of the 
elbow and shoulder joints. 

The long axes of the two ends of the humerus are nearly at right angles in 
primitive Tetrapoda, as in the modern Salamander. In Birds, lizards and 
mammal-like Reptiles this orientation has given place to one in which the two 
ends are more nearly parallel. The difference is associated with different 
orientations of the proximal end of the humerus to the pectoral girdle in the 
course of various movements involved in locomotion. In prototherian Mam- 
mals, humeral torsion and shoulder-joint orientations are similar to those of 
mammal-like Reptiles. In the evolution of fore limb movements of the kind 
seen in eutherian and metatherian Mammals an extensive reconstruction took 
place in the form of the proximal end of the humerus, the ventral coraco- 
brachial concavity being contracted to form the bicipital (intertubercular) 
groove. At the same time the orientation of the elbow joint is altered. The 
result of these two changes is that the humerus again has the long axes of its 
two ends approximately at right angles, but the similarity of torsional angle 
to the primitive Tetrapoda, as measured by the usual geometrical methods, 
completely fails to express the difference between this humerus with its move- 
ments and the humerus of primitive Tetrapoda. 

In the evolution of the “higher” Primates a further change of torsional 
angle has occurred, attributable partly to the different orientation of the 
scapula and glenoid cavity to the body, and partly to a difference in the usual 
orientation of the elbow joint to the body. The angle of torsion in Man has a 
value similar to that seen in the “higher” Reptiles, in spite of fundamental 
differences of muscular relations and movements. Evolutionary changes in 
the relative orientation of the two ends of the humerus are indeed very in- 
adequately measured by a “torsional angle” as measured between the long axes 
of the two ends of the humerus. Cinematograph pictures were shown demon- 
strating the movements of the humerus in the course of locomotion in the 
Salamander. The movements in a more primitive tetrapod such as Eryops are 
believed to have been similar. 

In the discussion which followed Dr ApPLETON made the following replies. 

To Professor LE Gros Ciark: The torsional angle of the humerus, as 
customarily measured, has undergone great fluctuations of value in the course 
of tetrapod evolution. The principal events determining these changes were (1) 
re-orientation at the shoulder joint in the evolution of Reptiles, (2) remodelling 
of the proximal end of the humerus and re-orientation of the elbow joint in the 
evolution of therian Mammals, (3) alteration in the position of the scapula and 
a re-orientation of the elbow in Man. 
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My experiments with rabbits show that changes of shape can be brought 
about in healthy young bones by alteration of posture, and that the correction 
of some deformities by the adoption of appropriate posture can be confidently 
anticipated. 

To Professor WooLLarD: No rarefaction can be detected on radiological 
examination of bones which have undergone deformation in my postural 
experiments with healthy rabbits. 

To Professor West: The so-called “anatomical” position of the forearm 
in Man is a highly specialised posture, and is one of the later achievements of 
limb-evolution, determined by the increased range of supination that accom- 
panied the displacement of the capitulum to the lateral side of the trochlea. 

To Professor BLair: The asymmetries of limb bones found in animals which 
were adult at the time asymmetrical limb-postures had been induced experi- 
mentally, are of small extent and cannot be distinguished from the normal 
asymmetries of limb bones in control animals. 

To Professor Lockuart: The views of Martin and Le Damany regarding 
the cause of torsion of the humerus have received consideration but in my 
opinion do not provide a satisfactory explanation. An explanation which 
refers torsion to a posture of full abduction encounters difficulties on account 
of the comparative infrequency with which such a posture is adopted in life. 


The SECRETARY read the summary of a paper by Professor K. Rav on 
*‘ Absence of the coronal suture, with extreme Brachycephaly,” which will be 
published in the Journal of Anatomy. 


A demonstration was made by Dr H. Witson on “Specimens illustrating 
the hyoid apparatus and pharyngeal musculature.” 


JUNE, 1934 


The Summer Meeting of the Society was held in Cambridge on 22 and 238 
June, 1934. The PRESIDENT, Professor A. F. Drxon, in the Chair. 


Professor A. B. APPLETON communicated a paper on the “ Development 
of an intrathoracic ganglion,” which will be submitted for publication in the 
Journal of Anatomy. 


Professor J. T. Witson read a paper on the “Origin and nature of the 
foramen of Magendie,” which will be published in the Journal of Anatomy. 


Dr BEATTIE communicated a paper by Sir CHARLES BALLANCE on “The 
fate of the peripheral segment in nerve anastomoses,” which will be submitted 
for publication in the Journal of Anatomy. 


Dr Francis Davies, on behalf of Professor D. M. Buiarr and himself, read 
a paper‘on “The brachial plexus from a case of cervical rib with vascular 
symptoms,” of which the following is a summary. 

The distal parts of the roots (C 5 to D 1 inclusive) and the trunks of the 
brachial plexus of the right side, from a case of cervical rib with marked 
vascular effects, were treated with a pyridene-silver technique and cut in 
serial transverse section. The vascular phenomena in the subject from which 
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the brachial plexus came included absence of pulsation in the (right) radial, 
ulnar and brachial arteries, pulsation being normal in the axillary and exces- 
sive in the subclavian artery. There was no cutaneous anaesthesia, paraesthesia 
or special muscle wasting (e.g. the ulnar nerve musculature). Pain in the 
digits (commencing in the ring finger), hand and forearm, was marked. At 
operation, the subclavian artery was found to be free from pressure by the 
cervical rib, even when the arm was pulled down by the side, and its forcible 
pulsation extended beyond the cervical rib and the scalene muscles. The first 
dorsal nerve and lower trunk of the plexus were stretched over the rib. After 
removal of the rib, weak pulsation returned in the arteries and the pain was 
lessened, but not completely abolished. The pulsation increased slightly in 
strength daily, but was not normal by the eighth day, on which the patient 
died. 
On histological examination, one grey ramus was found entering the 
seventh and one the eighth cervical nerves; otherwise, all rami had joined the 
plexus proximal to the specimen. These two rami consisted almost exclusively 
of unmyelinated fibres, closely packed. Thickening of the endoneurium and 
proliferation of the endoneurial nuclei was observed in the lower trunk of the 
plexus (particularly in its inferior part) and in the distal part of the first 
dorsal nerve, i.e. in the parts of the plexus immediately adjacent to the 
cervical rib. The histological findings were interpreted as evidence of a chronic 
aseptic inflammatory lesion set up in these nerves by prolonged irritation by 
the rib and it was inferred that this lesion had produced irritation of the 
sympathetic vaso-constrictor fibres in these nerves. It is known that the 
arteries of the upper limb distal to the axillary artery are supplied with sym- 
pathetic fibres from the neighbouring nerves of the limb whereas the subclavian 
and axillary arteries receive their sympathetic supply direct from the sym- 
pathetic chain and ansa subclavia. The irritation of the sympathetic fibres in 
the lower part of the plexus would therefore affect only the arteries distal to 
the axillary. The lower trunk was found to contain the greatest number of 
unmyelinated fibres and the upper trunk least. Also Woollard’s observation 
(J. Anat. 1981, vol. Lxv1, p. 147) that the caudal roots of the brachial plexus 
are richest in unmyelinated fibres was confirmed. The arterial spasm in the 
present case involved the main arteries distal to the axillary, while the 
causative lesion was confined to the lower part of the brachial plexus. It 
appears therefore, that a large proportion of the vaso-constrictor fibres to 
these arteries pass via the lower trunk of the plexus, or that the vaso-con- 
strictor fibres in the lower trunk have a widespread distribution in the upper 
limb. 

Telford and Stopford (Brit. J. Surg. 1931, vol. xvi, p. 557) found in one 
ease out of ‘eight dissecting room subjects (without cervical rib). a separate 
bundle of sympathetic fibres in the inferior part of the lower trunk of the 
plexus, overlying the first rib, and suggest that cases of cervical rib with pre- 
dominant vascular symptoms may be explained by such a condition obtaining 
in the lower trunk, i.e. that the sympathetic contribution to its component 
roots have not yet merged with the other fibres of the trunk. In the present 
case a small collection, consisting largely of unmyelinated fibres, was found in 
the inferior part of the lower trunk, but it was not of the nature of an unjoined 
ramus in that it existed as a separate entity for a distance of one quarter of an 
inch only. Both proximally and distally its constituent fibres passed into the 
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neighbouring fasciculi of the lower trunk and mingled with their fibres. It is 
merely a collection of nerve fibres (mainly unmyelinated) effecting a re- 
grouping within the lower trunk, and contains only a very small fraction of 
the total number of unmyelinated fibres in the lower trunk. It is difficult to 
believe that irritation of these few fibres alone could produce the widespread 
vascular effects seen in the present case, which were much more probably due 
to involvement of the vastly more numerous unmyelinated fibres in the lower 
part of the plexus in the endoneurial proliferation already mentioned. It is 
possible that different degrees of pressure-induced irritation in the lower part 
of the plexus may account for the varying clinical types of cervical rib cases, 
and that progress to permanent fibrosis explains the failure in some instances 
to relieve the condition after removal of the exciting cause. 


Dr R. H. Hunter described a specimen of “ Extroversion of the cerebral 
hemispheres in a human embryo.” It was found in an embryo of 35 mm. c.r. 
length, obtained from a tubal pregnancy, in which the cerebral hemispheres 
were everted, with the choroid plexus protruding to the exterior between the 
cerebral and thalamic tissue on each side. The cellular lamination of the 
hemispheres was reversed from that seen in normal development, and the 
cerebral tissue, at its lateral margins, was continuous with the skin of the head. 
The frontal, parietal and squamo-temporal regions of the skull were so lacking 
that the cerebral tissue was exposed directly to the surface. The chondro- 
cranium, optic cups and otic vesicles appeared to have been developed normally. 


Professor LE Gros CLARK gave a brief account of a series of experiments 
which had been carried out by Mr R. H. BoGeon and himself with the object 
of determining the precise relation between the different elements of the 
thalamus and the different areas of the cortex in the macaque monkey. In 
thirteen experiments, smal! blocks of cortex were removed in different parts 
of the frontal and parietal lobes and the ensuing cellular atrophy and gliosis 
in the thalamus studied after an interval of approximately three months. In 
almost every case a small localised patch of atrophy in the thalamus was 
found, its position varying with the position of the cortical lesion. The cellular 
atrophy was always accentuated by the accompanying gliosis which rendered 
it very conspicuous. Among the results recorded, the following may be men- 
tioned. The area post-centralis receives fibres from the pars externa of the 
ventral nucleus. The area parietalis and preparietalis are related by fibre 
connections to the caudal half of the lateral nucleus (element Lb), and to 
nucleus pd of the pulvinar. The main element of the pulvinar showed no 
changes in any of the experiments, and it is believed that this element has 
few if any corticipetal connections. Similarly, the centre median nucleus and 
element La of the lateral nucleus appear to be unrelated to the cortex. The 
area precentralis (motor cortex) receives fibres from the rostral end of the pars 
externa of the ventral nucleus, the pars antero-lateralis of the ventral nucleus 
and the pars arcuata of the ventral nucleus. It was emphasised that the 
investigations of other workers indicate that these parts of the ventral nucleus 
receive brachium conjunctivum and tegmental fibres but not fibres of the fillet 
system. Lastly, ablation of the greater part of the prefrontal areas (area 
frontalis granularis) was followed by complete degeneration of the lateral two- 
thirds (parvi-cellular element) of the dorso-medial nucleus. This confirms the 
previous observations of the authors that the prefrontal cortex is pre-eminently 
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a projection area for the dorso-medial nucleus (medial nucleus of human 
anatomy). 


Mr Gouppy read a paper on the “Cerebral cortex of Reptiles illustrated by 
drawings of sections of the brain of the Gecko and other Reptiles.” The reptilian 
cerebral cortex shows three main subdivisions in all orders; hippocampal, 
dorsal, and pyriform. In all Reptiles thalamic fibres appear to reach the 
antero-lateral part of the dorsal cortex, or primordium neopallii. In the Gecko 
the dorsal cortex consists of two laminae, superficial and deep. The latter 
shows indications of continuity with the small-celled part of the hippocampus. 
The primordium neopallii is a thick cell mass deep to the pyriform, continuous 
with both layers of the dorsal cortex, and containing similar types of cell. 
Both its cellular constitution and topographical position indicate an origin 
from the dorsal cortex rather than from the pyriform. It is probable that in 
all orders of Reptiles the primordium neopallii has an approximately similar 
consitution, i.e. a downgrowth of cells from the antero-lateral edge of the 
dorsal cortex, deep to the pyriform, and in more or less close contact with the 
striatal complex. 

The alveus fibre system in the Gecko consists of a medullated and a non- 
medullated part. The former appears to be connected with the small-celled 
hippocampal cortex and the deep layer of the dorsal cortex. Many of these 
fibres descend in the septum and cross in the anterior commissure on their way 
to the amygdaloid region and other basal olfactory centres. The latter appears 
to run between the large celled hippocampal cortex and the superficial layer 
of the dorsal cortex of the one side and the dorsal part of the septum of the 
other. It crosses in the hippocampal commissure. The description of these 
connections must be regarded as provisional in the absence of experimental 
confirmation. i 

The connections of the alveus system with the cortex dorsalis varies fairly 
widely among the different reptilian orders. What is known of them does not 
give clear support to a homology of this cortical area with the cornu ammonis 
of Mammals. It appears to correspond rather with the mammalian subicular 
cortex, and it is probable that both this subicular cortex and the primordium 
neopallii of modern Reptiles should be looked upon as developments in a 
plastic and undifferentiated dorsal cortex present in the common ancestor of 
both Mammals and modern Reptiles. These developments are roughly parallel 
with developments which must have occurred in the ancestors of Mammals, 
although in this case the final results are very different. If this is true, precise 
homologies between mammalian and reptilian cortical areas are not likely to 
be found. 

Professor LE Gros CLark asked what sort of evidence there was for the 
presence of thalamo-cortical fibres in Reptiles, and what parts of the thalamus 
were involved. Mr Gouppy replied that the evidence was that of the normal 
brain studied by ordinary histological methods. As far as one could judge 
from material of this kind, it was the nucleus dorso-lateralis anterior and the 
nucleus rotundus of the thalamus that were connected with the primordium 
neopallii. 

Dr R. J. GLADSTONE on behalf of Mr C. P. G. WaKELEy and himself read 


a paper on the “ Development and structure of the human pineal body,” which 
will be submitted for publication in the Journal of Anatomy. 
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Dr A. A. ABBIE read a paper on “The projection of the forebrain on the 
pons and cerebellum.” In the Monotremes there is no frontal cortex in the 
cerebral hemispheres. This is reflected in the absence of fronto-pontine fibres, 
in the abortion of the pretrigeminal part of the pons and in the poor develop- 
ment of the declive-tuber complex of the lobus posterius of the cerebellum. In 
marsupials and many other primitive Mammals there is poor development of 
the temporo-pontine fibres and complete absence of the retrotrigeminal part 
of the pons. This is reflected in the rudimentary condition of the culmen of the 
lobus anterius of the cerebellum. In an ascending phylogenetic scale the retro- 
trigeminal part of the pons appears and extends caudally over the corpus 
trapezoideum; at the same time the culmen in the lobus anterius of the 
cerebellum enlarges considerably. Thus it is considered that the frontal area 
of the cerebral hemisphere is represented in the pretrigeminal part of the pons 
whence it is projected on the declive-tuber complex of the lobus posterius of 
the cerebellum; the temporal area of the cortex is represented in the caudal 
part of the pons and is projected on the culmen of the lobus anterius of the 
cerebellum. It is thought probable that some temporal fibres end in the 
pretrigeminal part of the pons and that some frontal fibres end in the retro- 
trigeminal part of the pons. 


Dr J. D. Boyp read a paper on the “Development of the human carotid 
body.” The results of a study of the development of the human carotid body 
in twenty-one embryos between 5 and 210 mm. c.r. length suggest that it is, 
to say the very least, a unique example of a paraganglion, further that it is a 
structure sui generis. 

A branch of the glosso-pharyngeal nerve which passes towards the ventral 
aspect of the third arch artery is present in all embryos from the 8 mm. stage. 
A mesodermal condensation around the wall of the third arch artery, above 
the origin of the external carotid artery, appears at the 13 mm. stage. There 
is no differentiation between the cells of this condensation and those cells which 
are to become part of the wall of the internal carotid artery. In the 15 mm. 
stage (and in subsequent stages to 22 mm. c.R. length) the lumen of the 
portion of the internal carotid artery, which is related to the mesodermal 
condensation, becomes markedly deformed and flattened and several exten- 
sions of the deformed lumen can be traced into the substance of the condensa- 
tion. The mesodermal condensation loses its connection with the cells which are 
to form the media and adventitia of the internal carotid artery between the 
22 mm. and the 30 mm. stages. During this process there is a considerable 
increase in the size of the cellular condensation. Part of this increase may be 
due to an influx of cells from the sympathetic, the vagal or the glosso-pharyn- 
geal ganglia. If cells of sympathetic origin reach the carotid body they do so 
after the 18 mm. stage and, then, only as secondary contributions to a structure 
which is developed primarily in the mesoderm related to the third branchial 
arch artery. Any sympathetic cells which reach the carotid body do not 
undergo the changes which result in the production of chromaffin cells, as cells 
comparable to those found in the sympathetic paraganglia or in the suprarenal 
gland were not found at any stage in the development of the human carotid 
body. 
The early blood supply to the mesodermal condensation, which constitutes 
the primordium of the carotid body, comes from the internal carotid artery. 
In later stages the blood supply comes from the external carotid artery and 
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its ascending pharyngeal branch. There is a progressive increase, both relative 
and absolute, during development in the amount of fibrous tissue in the 
carotid body. There are no cells of pharyngeal endodermal origin present in 
the carotid body. 

Professor J. E. Frazer asked what was the origin of the nerve-cells in 
relation to the carotid body. Dr Boyp replied that he was not certain whether 
they were of glosso-pharyngeal or of sympathetic origin. They might be 
derived from each of these sources and it is also possible that they differentiate 
in situ from cells of neural crest origin (mesectoderm). 


Dr J. WuILLIs read papers on (1) “A persistent renal collar.” (2) “Per- 
sistent left renal vein.” These will be submitted for publication in the Journal 


of Anatomy. 


Mr E. A. Pask gave a preliminary communication describing “In vitro 
experiments designed to investigate an aspect of the histological development 
of long bone rudiments of the chick.” Fragments were cut from the ends of 
6-day rudiments including in each fragment the whole of the head and varying 
lengths of the shaft region. These were cultured in vitro for periods varying 
from 14 to 28 days. Examination of the longitudinal sections of the fragments 
after culture showed that a correlation exists between the proper progress of 
cellular hypertrophy in the shaft region in continuity with the head, and the 
formation of a definite belt of flattened cells lying between the head region 
and the shaft region. 


Dr D. J. HuRRE Lt contributed a paper on the “ Vascularisation of cartilage,” 
which will be submitted for publication in the Journal of Anatomy. 


Dr A. J. E. Cave read a paper on “Occipital hypochordal elements,” which 
will be submitted for publication in the Journal of Anatomy. 


Professor C. M. West gave a preliminary account of “A male foetus, 
complete with membranes, of the whale, Pseudorca crassidens.”” He showed 
the actual specimens together with one of the mammary glands of the mother. 
He described the circumstances under which he had had the good fortune to 
secure the specimen from one of a school of twenty-two adults which had been 
stranded, early in May, on the north-west coast of the Gower peninsula, near 
the village of Llanmadoc. The foetus was probably nearly full term; it mea- 
sured 4 ft. 93 in. from the tip of the head to the fork of the tail and weighed 
51 lb. 6 oz. The pits of four foetal hairs could be recognised on either side, just 
above the upper lip. The membranes consisted of an elongated tubular chorion, 
a large allantois and the umbilical cord, all covered with amnion, which latter 
showed a series of small pigmented spots, many of them pedunculated, as 
referred to by Guldberg and Nansen in their paper on the development of the 
whale. While villi appeared to be present all over the surface of the chorion, 
they were most numerous at the two extremities. The situation of the maternal 
mammary glands was indicated by a longitudinal slit, 14 in. in length, these 
slits were situated one on each side of and parallel to the vulva of the mother. 
There was no evidence of any nipple on the surface but a transverse section 
showed very beautifully the nipple imbedded at the bottom of the cleft. 
Professor West also showed lantern slides which he had made from photo- 
graphs which had been kindly lent to him by Mr Lionel Cowley, of the National 
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Museum of Wales, who also had secured a foetus, a female, from the same 
herd, and who had retained the head for examination. 

Professor C. J. Patten described the following muscular abnormalities 
from a muscular male subject, aged 71. 

Left omo-trachelien or omo-cervicalis muscle. The rarity of the omo-trachelien 
muscle in Man, and its regular occurrence in lower primates is in itself a matter 
of considerable interest. In the specimen, the interest is enhanced in view of 
the fact that there is no indication of its being a vestigial structure. On the 
contrary, it is remarkably well developed. Its origin, unlike the more typical 
form, is not limited to the transverse process of the atlas. It arises by three 
tendinous slips from the left transverse processes of the upper three cervical 
vertebrae. The atlantal and axial slips are weak in comparison with the slip 
which arises from the left costal tubercle and the bar connecting it with the 
left transverse process of the third cervical vertebra. Correlated with the strong 
development of this lowest slip, it is suggestive that the muscle at its origin 
showed a tendency to migrate downward. This lowest slip is situated lateral 
to the highest slip of origin of the left longus capitis, and slightly mesial to the 
highest slip of origin of the left scalenus anterior. These three slips, not 
confined to the costal tubercles, but impinging on the left transverse process 
of the third cervical vertebra, are mutually related. The neighbouring slips of 
the left scalenus anterior and the accessory muscle, however, are more inti- 
mately associated. Furthermore, atlantal and axial slips of origin of the left 
scalenus medius (present in this subject), almost blend with corresponding 
slips of the anomalous muscle, thereby strengthening the associated origin of 
the latter with the scalene group. In regard to the levator scapulae, the slips 
of origin from the left transverse processes of the upper three cervical vertebrae 
arise posterior to the corresponding slips of the anomalous muscle. Notwith- 
standing the intimate relations established at their origins, the left scalenes 
and the omo-trachelien muscle (below the region where their respective slips 
unite) become readily distinguishable. These three scalenes are almost occluded 
from view by the accessory muscle as it sweeps backwards and downwards 
across the posterior triangle of the neck in close contact with, but at a lower 
level than, the levator scapulae. The omo-trachelien and levator scapulae are 
so alike in size and shape and proceed together so closely to their respective 
insertions that they almost give the idea of one normal muscle being re- 
duplicated. But the omo-trachelien ultimately proceeds further outwards and 
backwards to reach the posterior-inferior aspect of the outer or acromial end 
of the left clavicle. Here, under cover of the clavicular insertion of the left 
trapezius its fleshy-tendinous fibres are inserted; a small moiety of its most 
lateral fibres reaching the left acromial-clavicular joint. Medially, other fibres 
come into relationship with the lateral part of the insertion of the left sub- 
clavius muscle. The nerve supply is derived from the cervical plexus, repre- 
sented by offshoots from the descending trunk formed by the union of the 
anterior primary divisions of the third and fourth cervical nerves, the motor 
branches of which, for the most part, innervate the trapezius. This omo- 
trachelien muscle is strap-shaped, and the following are its ‘dimensions: 
length 18 cm., width 5 cm., thickness 1 em. The fact that the muscle is re- 
markably well-developed and indeed conspicuous on the left side, and yet not 
a trace of it is detectable on the right side, imparts an additional interest to 
the case. 
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Bilateral rhomboideus-occipitalis or capitis. A variant of the accessory slip 
which passes close to the upper border of the rhomboideus minor from the 
scapula to the occipital bone, and which is known as the rhomboideus-occipi- 
talis or capitis, is present in the same subject on both sides of the neck. These 
muscles are practically identical in form, size, and attachments: hence, it is 
necessary to describe the variation on one side only. Its origin from the 
occipital bone, deep to the lateral part of the origin of the trapezius, accords 
with the more typical arrangement; but its insertion, by two definite slips of 
a tendinous character, into the fascia clothing the serratus posticus superior, 
is aberrant, in that such a fascial insertion is usually associated with a 
modified form of the rhomboideus-occipitalis which takes origin from the 
transverse process of the atlas or the fascia over the splenius: even then the 
insertion may occupy a small area on the scapula. 

In the accessory muscle, now recorded, the occipital origin is made up of 
an admixture of fleshy and tendinous fibres, somewhat flattened and firmly 
fixed to the bone. Thence, a fusiform, fleshy belly passes almost vertically 
downwards superficial to the splenius. At about its distal third it is continued 
as a narrow, flat tendon, which, splitting into two diverging slips, is inserted 
into the fascia above mentioned. This muscle is quite small and very slender: 
total length 6 cm., maximum width 1 em. A few fine twigs from the posterior 
divisions of the third and fourth cervical nerves, having pierced the splenius, 
entered the deep surface of the fleshy belly of this little muscle; no traces, 
however, of innervation by the dorsal scapular nerve were revealed by dis- 
section. 

N.B. Three other anomalies occurred in the same subject. (a) A muscular 
slip branched off from that part of the pectoralis minor which takes origin 
from the third rib, and passed outwards to reach the fascia covering the 
coraco-brachialis with which, after spreading out, it became incorporated. This 
condition was bilateral. (b) In the abdomen, the ascending colon was swung 
by a well-defined mesentery. (c) In form, the caecum retained the infantile 
type. 

Left ischio-aponeuroticus or tensor fasciae suralis muscle from a male subject 
aged 74 with feeble muscular development. About 13cm. distal to the 
tuberosity of the left ischium, in a subject of medium stature—some 5 ft. 8 in. 
in height—a remarkably well-developed ischio-aponeuroticus muscle took 
origin from the postero-mesial aspect of the long head of the left biceps. 3 em. 
lower down, this accessory muscle became free from its attachment, although 
its fleshy belly (of which it was, for the most part, composed) in descending 
vertically, kept in close touch laterally with the fleshy fibres of the long head 
of the left biceps, and medially with those of the left semi-tendinosus. A short 
distance below the level of origin of the short head of this same biceps the 
anomalous muscle became constricted in girth, and, at the same time, some- 
what tendinous, and just above the back of the knee-joint all its fleshy fibres 
were replaced by a narrow tendon which terminated in several well-defined 
slips. These, in conjunction with fascial slips radiating from the short head of 
the biceps, became incorporated finally in the dense, deep fascia which forms 
the roof of the popliteal fossa. It is somewhat more usual for the ischio- 
aponeuroticus to arise from the postero-lateral aspect of the semitendinosus, 
and to receive its nerve supply from the lower of the two twigs which innervate 
that muscle. In the case now recorded, the innervation follows along those 
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lines, although the accessory muscle sprang from 'the belly of the long head of 
the left biceps. However, both the long head of the biceps and the semi- 
tendinosus are supplied by the tibial division of the great sciatic nerve. Hence, 
when the twigs of distribution to the long head of the biceps failed to reach 
the anomalous muscle, those to the semitendinosus naturally took their place. 
This shuffling in the distribution of nerve branches derived from a common 
source is less surprising when correlated with the inconstant origin of the 
accessory muscle—a satellite as it were, now splitting off from the biceps, now 
from the semitendinosus! I have not, however, come across an instance in 
which the ischio-aponeuroticus drew its nerve supply from the peroneal 
division of the great sciatic, which normally innervates the short head of the 
biceps. 

It is interesting to note that among lemurs the short head of the biceps is 
absent, and that the long head has no attachment to the fibula, but blends 
with the popliteal deep fascia. Obviously, the single-headed biceps—a contra- 
diction in terms—in the lemurs, finds its counterpart, with slight modification, 
in the ischio-aponeuroticus which occurs as a variation in the musculature 
in Man. 

Measurements. Ischio-aponeuroticus. Total length 36 cm., (fleshy belly 
22 cm., tendon 14 cm.), maximum width 2-3 cm., maximum thickness 1:2 em. 
Biceps: total length 48 cm., maximum width (above union of short head) 3 em., 
maximum thickness 1-5 em. On comparing the two sets of measurements, it 
at once becomes manifest that this ischio-aponeuroticus—an accessory muscle 
at most in Man—has undergone a remarkable degree of development. 

Bilateral scansorius or gluteus quartus muscle. In the same subject right 
and left scansorius muscles are present. They are almost alike in size, form, 
and attachments: hence it is necessary to describe the anomaly on one side 
only. In the strict sense of the word this muscle can hardly be looked upon in 
this case as accessory: it seemed to supplant the anterior segment of the 
gluteus minimus, which was not carried forward as far as usual on the dorsal 
aspect of the ilium. Nevertheless, the two muscles—scansorius and gluteus 
minimus—are well-defined, and separated by a thick layer of fascia. Each 
scansorius takes origin from the fore-part of the dorsal aspect of the ilium 
between the middle and inferior curved lines. Here it measures 4 cm. in 
length, and 1-5 cm. in width. Before it descends to the level of the great 
trochanter, into the front of which it is inserted, it burrows under cover of the 
gluteus minimus to a slight extent, and the latter at its point of insertion is 
separated from the scansorius by a small bursa. Here, at their respective 
insertions, the line of demarcation between normal and abnormal adjacent 
muscles is more clearly defined than at their respective origins. Each scan- 
sorius drew its nerve supply from the inferior gluteal nerve. 

N.B. A further interesting anomaly was the complete absence of the 
ligamentum teres of the femur on the right side, and its reduction to a tenuous 
thread on the left side. On both sides the fovea on the head of the femur was 
coated by a transparent deposit of non-articular cartilage. 


Professor PaTTEN also read a paper on “The cornea of Birds.’”’ In Birds, 


‘a short time after death takes place—within an hour in tropical weather—the 


cornea commences to lose its well-marked convexity, becoming wrinkled and 
puckered in all directions, like a crushed piece of tissue paper. Collapse quickly 
follows, and so completely that this transparent tunic comes to rest upon the 
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anterior face of the lens capsule, the iris, and its supporting ligaments. Pari 

su, the corneal margin becomes tucked round the anterior edges of the 
circlet formed by osseous plates, and, because the latter slightly overhang the 
back of the anterior chamber, the cornea, as a whole, appears concave or 
inverted. When watching these strange and interesting changes taking place, 
I noticed that their first appearance coincided with the onset of rigor mortis. 
In view of the fact that in Birds the ciliary muscle is developed to an extreme 
degree and is composed of striated fibres, and that the anterior set arise from 
the front margin of the circlet of osseous plates—Crampton’s muscle—and are 
inserted upon a small circular ridge of the cornea, it was interesting to try 
and determine whether the post-mortem contraction of the ciliary muscle 
might bring about the curious changes, above described. However, since 
traction, applied to the periphery of the cornea in a living bird or in a dead 
specimen before rigor mortis had commenced, produced no wrinkling or other 
changes, it seemed to me rash to assume that the action of the ciliary muscle 
plays any part in the business. It occurred to my mind that the cause of the 
corneal collapse depends more likely upon reduction of intra-ocular tension, 
brought about by rapid escape of the aqueous fluid which, during life, fills the 
anterior chamber. The peculiar shape of the avian eye deserves special attention 
in leading up to the elucidation of this theory. The anterior chamber—quite 
unlike that of any other Vertebrate eye—is tubular and disproportionately 
narrow compared with the remarkably spacious posterior chamber which, 
opening out like a wine decanter, takes on a hemispherical shape. Here then, 
it is obvious that intra-ocular tension, as a whole, would stand higher, or, 
figuratively speaking, make itself felt more in the narrow than in the spacious, 
wide chamber. But, on the other hand, the thin watery contents might readily 
escape and become absorbed into the lymphatic system, if only in small quan- 
tities, yet sufficient to bring about reduction of the intra-ocular tension in the 
anterior chamber as required. In support of this view it should be noted that 
the connecting lymph-channels—canal of Schlemm, spaces of Fontana, and 
canal of Petit—are relatively large in the eye of the bird. The anterior limiting 
wall of the tubular cavity—the cornea—is remarkable, not only for its high 
degree of convexity, but more so, for its wide range of variation in curvature. 
In discounting a muscular mechanism it seems suggestive that the movements 
permitted by the cornea which alter its curvature depend upon the ebb and 
flow of intra-ocular tension, regulated by variations in the degree of general 
blood-pressure. When tension reaches high-water mark in the anterior chamber, 
the yielding cornea protrudes to quite an appreciable extent: when the tension 
ebbs—for example when the heart beat weakens and a bird grows faint from 
terror or exhaustion—the corneal curvature becomes less pronounced. In the 
present investigation on the movements of the cornea the pecten requires but 
a passing notice. It is primarily a nutritive organ, and not being contractile 
cannot, per se, produce an alteration in the intra-ocular tension, but may 
modify it. “It is quite possible that, being in essence a large thin-walled 
Teservoir, it allows of rapid displacement of blood from the eye and so cuts 
short any incipient rise of tension in the posterior chamber” (Ida Mann). In 
view of the fact that the pecten, though essentially a vascular organ, is without 
vaso-motor mechanism, indeed without any intrinsic powers of movement, it 
can only passively alter in size and shape, in response to variations in the 
general blood-pressure. The exceedingly tough, resisting, sclerotic tunic, re- 
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inforced in front by a circlet of osseous plates, ensures that the external 
contour of the posterior chamber remains constant when subjected to different 
degrees of intra-ocular tension; while the view that the pecten can push 
forward the lens and iris and thus alter the internal contour of the posterior 
chamber, is not generally accepted. It thus becomes clear that high intra- 
ocular tension, the outcome of a rise in the general blood-pressure, steadily 
maintained, and affecting both chambers, can materially alter the external 
configuration of the eye at its extreme anterior end only, namely, the cornea, 
In the bird the body temperature is remarkably high—in some species 
reaching 110° F. Circulation, respiration, digestion and excretion, are extra- 
ordinarily rapid. Conjoined with these special physiological activities is an 
extremely emotional temperament, and essentially an “eye-brain.”’ The visual 
sense is the sheet-anchor of the bird’s life, all other physical senses pale before 
it. Correlated with these features and many others too numerous to mention 
in this brief abstract, it is to be expected that the general blood-pressure 
should at times reach a signally high level, and indirectly, albeit frequently, 
in the manner already shown, enhance the acuity of vision. In the bird, when 
the cornea is rendered more strongly convex by being protruded, it causes the 
lids to become stretched to their fullest extent, whereby a perfectly circular 
palpebral aperture is established, and the field of vision is widened. At the 
same time the pecten is placed advantageously in allowing a reflected view of 
the bird’s surroundings (lying outside and above the direct field of vision) to 
be thrown upon the retina (Arthur Thomson). Lastly, it is obvious that the 
wide range of movement with which the cornea in the bird is endowed, can 
bring about material alteration in refraction, and consequently can be the means 
of supplementing the part played by the lens in accommodation. It is little 
wonder that the eye of the bird—a much more exquisitely constructed optical 
instrument than that of Man—possessed of a moveable cornea set in the end 
of a tube and capable of approaching towards and receding from the lens, has 
been compared to a telescope—even if the comparison be a trifle crude! 


Professor J. P. Hix on behalf of Dr T, THomson FLYNN and himself 
exhibited a series of lantern slides illustrating “The processes of cleavage and 
germ-layer formation in the monotreme egg.” 

Professor WiLson described Professor Hill’s demonstration as a “triumph 
of technique” and as an illustration of the significant events which bridge the 
gap between reptilian and avian development. 

Dr E. S. Hornine gave a demonstration illustrated by lantern slides 
showing the process of “‘ Microincineration,” and some of the results which he 
had obtained by this method. 


Dr A. E. Barcuay read a paper on “The mobility of the viscera in relation 
to surface markings.”’ He pointed out that the normal level of the dome of the 
diaphragm in the living subject was usually on the level of the body of the 11th 
dorsal vertebra and not the 89th, as stated in the text-books of anatomy. This 
gave an initial error in surface markings of some 3 in. or more. This difference 
between the living and the dead subject was due chiefly to the tonic action of 
the diaphragm. He then pointed out the wide variations in size, shape and 
position of the stomach that are met with in normal subjects. He also noted 
the relaxation in the tonic action, from psychological causes that resulted in 
a dropping of the lower border and lengthening out of the stomach. Spasmodic 
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contractions were common, while the displacements of the stomach and 
viscera from collections of air in the intestine and other causes might be gross. 
There was an average type of stomach, a J-shape in the upright position, but 
there were many others found in perfectly normal, healthy subjects. It was as 
illogical to call these abnormal as it would be to say that long, snub, or hook 
noses were any more abnormal than the types that were most frequently seen. 
The borderlands of normality were indefinable. 

He then showed a series of slides in which the outline of the stomach and 
intestine had been superimposed on photographs of a healthy subject. These 
showed that all the viscera were mobile in the living subject, and changed 
their position markedly in response to the action of gravity and respiration 
and also in response to pressure on the abdomen. The pylorus, for instance, 
was capable of a wide range of movement, and even those portions of the 
viscera which lie behind the peritoneum were not fixed but also had consider- 
able freedom of movement. The extremes of displacement, due to posture, 
respiration and abdominal retraction, had been recorded on radiographs and 
were shown by means of composite tracings. With these he demonstrated the 
mobility not only of the stomach but also of the caecum and of the large intestine. 
The kidneys and other abdominal viscera were also shown to be displaced when 
the posture of the subject was changed from the vertical to the horizontal 
position. (These studies have been published in The Digestive Tract, Camb. 
Univ. Press, 1933.) 

The conception of fluid anatomy was appreciated in some schools and had 
been taught in the Cambridge Department of Anatomy for the last six years, 
but the old teaching of surface markings was still in use and students had to 
learn these things for examination purposes. Students could not but carry 
away from the anatomy department a false impression of fixity unless it was 
counteracted by X-ray methods of teaching. Otherwise, when they went into 
the operating theatre, they nad to discredit much of what they had learned, 
for they saw that the experienced surgeon could take nothing for granted and 
never knew precisely what viscera would present when exposed by means of 
a definite incision. Dr Barclay maintained that the old conception of the fixity 
of the viscera was definitely misleading and had, in the past, been responsible 
for the vogue of fixation operations that had hardly yet died out entirely, and 
that this deplorable phase of surgery had been the direct outcome of the ana- 
tomical teaching of definite and fixed positions and relationships of the viscera. 
The anatomy of the dead subject was the only knowledge of the internal 
structures that surgeons had when they first began to open the abdomen. Their 
fixation operations were logical but based on entirely false premises. 

In the course of the discussion that followed, Dr Barclay said that he quite 
realised that X-ray methods were employed in some schools of anatomy, but 
that the lessons had not been fully appreciated was evident from the fact that 
the abdominal surface markings still persisted after twenty-five years of known 
fallacy. He was familiar with the work of Moody, Mills and others, and held 
that there were so many exceptions that it was not possible to accept definite 
relationship between bodily habitus and gastric form. It was however a fact 
that the position of the gall bladder could be foretold with reasonable but not 
definite accuracy from a consideration of the bodily habitus of the subject. 

The question arose as to how certain movements were possible in view of 
the vascular supply. Dr Barclay said that he simply stated the fact that these 


al 
rt 
sh 
or 
ly 
al 
a. 
eS 
a- 
in 
al 
re 
mn. 
re 
y; 
n 
1€ 
ar 
he 
of 
to 
he 
ns 
le 
al 
id 
as 
lf 
id 
oh 
he 
es 
he 
on 
he 
th 
ce 
of 
nd 
ed 
in 
lic 


152 Proceedings of the Anatomical Society 


movements did occur and it was not for the radiologist but for others to expiain 
how such wide movements were possible. His own conception of the matter 
was that in life the retro-peritoneal fat and loose areolar tissue were in a fluid 
state and there was far more movement possible in the retro-peritoneal 
structures than was supposed. With regard to the vessels, these were often 
tortuous and this would naturally allow for a considerable degree of movement, 
In some healthy subjects the possible movement seemed to be far greater than 
in others, but the explanation of this and how these things occurred was a 
problem for the anatomist to solve. 


‘Dr J. F. BrattsForp read a paper illustrated by lantern slides on “ Charac- 
teristic radiological findings in the skeletons of midgets.” The paper will be 
submitted for publication in the Journal of Anatomy. 


Dr E. C. Amoroso read a paper on the “Development of the ostium ab- 
dominale tubae in the rabbit.” 


Professor A. SuBBA Rau read a paper on “Oogenesis in the adult Loris.” 
Professor D. WaTERsTON demonstrated “An anomalous heart.” 


The following demonstrations were on view: 
Professor R. D. Locxuart “A method of mounting the vertebral column.” 
The vertebrae are separately suspended upon hooks hung from runners that 
glide easily upon a curtain rail. Each vertebra is intact, and may be removed 
and replaced, and the whole column separated or articulated readily. When 
articulated, the column preserves the normal curves. 

Dr W. A. Fett. Reconstruction of the pharynx and adjoining parts of a 
16-5 mm. human embryo. 

Dr W. Suaw and Dr R. J. GLADSTONE, Models of an early human embryo 
(presomite stage). 

Dr J. Krrx. “Bilateral superior vena cava,” a description of which will be 
submitted for publication in the Journal of Anatomy. 

Dr E. S. “ Micro-incineration.” 

Dr J. Beattie (for Str CHarLtes BALLANCE). “Results of nerve anasto- 
mosis.” 
Dr H. L. Green. “A rapid method of cleaning bones.” 


Be 
| | 
3 
TE 
| 
| 
: 
‘3 
|| 
q 
We 
|: 


THE BYOLUTION OF THE 
VERTEBRAL COLUMN. 


to. the Stil) of Vertebrate Po 


By H. GADOW 
idited by J. GASKELL and H. L. H. H, GREEN 


The aim of the is to put the evidence’ of the 
- various lines of development of the vertebrae as a guideto the. _ 
_ general: morphological scheme of vertebrate evolution. Thebook 
Gs a culmination of investigations and reflections of the greater 
“ part of an active life devoted to the morphological prongs 


of the vertebrate phylum. 


of these facts general 


editors are responsible f the final | arrangement of 


secount of the results of the on che 
problem of the biology of differentiation, :.c., the production. _ 
- of an. organised whole with differentiated parts out of an. 
entirely or relatively undifferentiated portion of living material. 
~ ‘There exists in this subiect a vast body of facts and a paucity 
of general principles. The authors have to 


a 258. net 


CAMBRIDGE UNIVERSITY | PRESS” 


n 
t 
By JULIAN S. HUXLEY an 
y ‘ LEY and G. R. DE BE 
Te 
; 


PRELIMINARY NOTE ON THE MAST CELLS OF THE 
HUMAN PITUITARY AND OF THE MAMMALIAN 
PITUITARY IN GENERAL 


By J. H. GRAY, M.B., B.S. (ADEL.) 
Demonstrator in Anatomy, University of Adelaide 


Ir was stated by Kohn in 1910() that the pars nervosa of the pituitary body 
of many Mammals, particularly of cattle, contains large numbers of mast cells, 
although in Man they are very few and scattered in this organ. Kohn did not 
extend his observations further on this point, and later writers merely requote 
Kohn’s statement if they mention the subject at all. 

The present finding of an abundance of these cells in the pars nervosa and 
infundibulum of Man, the cat, and the ox was made by the use of eosin- 
methylene blue stain prepared by the Romanowsky methods (particularly 
Hasting’s account of the Nocht-Romanowsky stain described by de Beer (2)). 

In view of the abundance and very general presence of these cells as far 
as my investigations have proceeded, and of their striking relation to the blood 
vessels particularly of the infundibulum, and of the absence of accurate records 
of these cells in relation to that much discussed organ the pituitary, I have 
prepared this preliminary report while further investigation is proceeding. 

The stain may be used on paraffin-embedded tissues fixed by any of the 
ordinary methods. All my material, except that from Man and from the ox, 
has been fixed by intracardiac injection of 10 per cent. neutral formalin in 
normal saline during ether anaesthesia; and the pituitary and hypothalamus 
were then removed immediately by chipping away the sphenoid bone. 

As de Beer states, unless the sections and the stain are strictly neutral the 
double staining is not obtained. Only the eosin takes if the reaction is acid, 
while only the methylene blue takes if there is alkalinity of the dye, or the 
sections, or the alcohol, xylol or balsam used in the course of staining. To 
counteract this difficulty one could obviously neutralise the sections imme- 
diately before staining by giving them an acid or alkaline bath (the requisite 
being found by preliminary staining of one slide from a batch). The stain is 
made up in methyl alcohol as solvent, and, since the differentiation is done in 
95 per cent. alcohol, it was soon found that acid alcohol (1 per.cent. HCl in 
absolute alcohol) or alkalinised alcohol was the best and simplest neutralising 
agent for the sections. This saved taking the sections through successive alcohol 
dilutions before and after their neutralising bath. 

The stain might. almost be called a specific for mast cells, especially when 
examining an organ like the pars nervosa of the pituitary. The cells stand out 
clearly distinguishable from all others even to the eye of a tyro. 
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THE CHARACTER OF THE CELLS 


The ordinary details of appearance and structure can be seen from the 
accompanying sketch figures in which one is struck by these fairly large cells 
with definite nucleus, cytoplasm more or less densely filled with coarse baso- 
phile or more accurately purple metachromatic granules, and cell outlines 
either rounded or showing protoplasmic processes or stretched out into a long 
spindle near a capillary. 

The differences in the appearances from all other types of cell and from 
pigment masses in the pituitary can be readily seen from the figures, though 
the differences were even more obvious to the eye in examining the stained 
sections. Intracellular and extracellular pigment in the pituitary occurs as 
granules or globules that vary much in size and are stained a green colour by 
the stain here used—indicating a weak affinity for the methylene blue, which 
is extracted and modified in colour to a much greater degree by the alcohol 
than is the same dye when taken on by nuclei or by true basophilic granules. 

Except in the cat I found it almost impossible to identify the mast cells 
in sections stained with ordinary haematoxylin and eosin. 


OCCURRENCE IN CATTLE 

In the ox these cells occur as rounded ovoid cells scattered throughout the 
pars nervosa, being most numerous near the junction with the pars intermedia. 
Altogether one may see as many as fifty in any section in the pars nervosa. 
In the pars intermedia they are to be found in smaller numbers lying chiefly 
in the fibrous trabeculae close to small blood vessels in the trabeculae of this 
region. Here they are not rounded as in the pars nervosa, but are generally 
flattened, and often possess pseudopodia which are rendered visible by the 
granules in them. No mast cells were seen in the pars anterior. Unfortunately 
none of the ox pituitary specimens I have been able to obtain so far have the 
infundibulum present. 

OCCURRENCE IN THE CAT 


In the cat these cells show up best in adult specimens, although in a speci- 
men taken from a female kitten aged about 8 months they are present in 
moderate number. Their distribution in the cat’s pituitary is shown in fig. 1, 
and it is in sections from this animal that one can see very well their peculiar 
relationship to the capillaries and commencing venules (see fig. 2). The ap- 
pearances strongly suggest that these cells are wandering about freely in small 
numbers in the pars nervosa, and that in the infundibulum they are congre- 
gated and “on the move” in the direction of the long axis of the hypophysial 
stalk, becoming spread out in apposition to a capillary wall whenever such a 
structure is reached. So far I have not found them inside the lumen of a 
capillary nor in the hypothalamus. The capillaries to which the mast cells 
become related are apparently the capillary arches of the pituitary stalk 
described by M. A. Basir@) in the dog, or in other words the primary net of 


The Mast Cells of the Human Pituitary 


Fig. 1. Small paired dots indicate distribution of mast cells in the cat’s pituitary. p.a.=pars 
anterior; p.t.=pars tuberalis; p.i.=pars intermedia; p.n.=pars nervosa; J.=infundibular 
canal; i.r.=infundibular recess of third ventricle. The number of paired dots indicates 
approximately the number of cells per section. 


Oy, 


Fig. 2. Portion of infundibulum of cat’s pituitary. Mast cell spread along a capillary wall. 
n.=neuroglia cell; f.=neuroglial network; R.B.C.=red blood corpuscle. 
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Popa and Fielding’s hypophysio-portal system (4). So far I have not seen any 
mast cells near the secondary net under the ependyma of the recessus infundi- 
bularis of the third ventricle. 

Their total distribution and relative numbers in the cat’s pituitary are 
shown in the diagram (fig. 1) representing the picture near the median sagittal 
plane. 

I have not found them in the pars intermedia, tuberalis or anterior of the 
cat’s pituitary. 


Fig. 3. Portion of infundibulum of human pituitary. Thick section, 12 4, showing frequency of 
mast cells at the area where they are most numerous. p.=mass of pigment granules. 

Fig. 4. Infundibular region of human pituitary. Showing three mast cells. Note the central one 

on the move, and the lower one adjacent to a capillary. cap.=capillary. 


OCCURRENCE IN MAN 


My observations so far indicate that the mast cell is almost as frequent 
in the human pituitary as in that of other Mammals. They are most numerous 
in the infundibulum, where one finds them chiefly in the fibrous and neuroglial 
tissue in the neighbourhood of the larger arterioles and venules of the infundi- 
bulum (see fig. 3). They are also present scattered about near the squamous 
epithelial nests described by Kiyono(5) in the human pars tuberalis and 
infundibulum. 

In Man the mast cell also occurs scattered throughout the whole of the 
infundibulum in much smaller number than near the larger blood vessels (see 
fig. 4), and many of those lying apart from the vessels present the same 
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appearance of being “‘on the move” as is seen in the cat. A few can be found 
in the pars nervosa, and one or two in most sections of the pars anterior near 
its upper part towards the infundibular region (see fig. 5). 

Using the methylene blue-eosin staining one can readily distinguish the 
mast cells from pigment masses (see fig. 5), from colloid masses, and from the 
granular bodies described by Herring (6). So far I have not been able clearly 
to identify in my sections the granular masses with degenerating nuclear frag- 
ments described by Cushing and Goetsch(7). But the characters of the cells 
described in this article leave no doubt in one’s mind that they are normal 


Fig. 5. Fig. 6. 

Fig. 5. Anterior lobe, human pituitary, near infundibulum. m=mast cell (rare in anterior lobe); 
b. = basophile cell (fine blue granules) ; a. =eosinophile cell (fine pink granules) ; c. = chromophobe 
cell; s.=sinusoid. 

Fig. 6. Infundibular region of human pituitary. Contrast mast cell with pigment masses. m.=mast 
cell; p.=pigment maases (stained green); c.=capillaries on outer wall of infundibulum. 


healthy fully active cells, and although further investigations of their intra- 
cellular structures will be required before a conclusive statement can be made, 
it is apparent that, whatever be their function, they are not degenerated 
anterior or intermediate lobe elements. 

Although I have not made silver preparations as yet, there can be no doubt 
that these cells are not nerve cells. Nissl’s granules have an entirely different 
appearance from the coarse rounded purple granules of these cells. It is also 
certain that these cells, are to be clearly distinguished from cells of the type 
described by Lewis and Lee(s) as basophilic granular cells occurring in the 
pars nervosa of elderly subjects. The pictures given in their article make the 
distinction obvious even apart from their description. 
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That the cells are identical with mast cells is not proven yet, but the ordinary 
histological appearances leave little doubt about this. Their granules of course 
distinguish them from the few histiocytic elements that may occur in many 
glandular organs (see Lubarsch (9) and the chapter on “‘ Macrophages or Histio- 
cytes” in Cowdry (10)). 

As regards the function of these cells little can be surmised until further 
investigation of their amoeboid and phagocytic powers and their reactions to 
vital dyes are tested. However, their apparent wide distribution in the mam- 
malian pituitary and their abundance therein, and their relation to the 
hypophysio-portal vascular system recently described by Popa and Fielding (4) 
suggest that they exercise some function in connection with the mode of 
secretion and its carriage into the blood or cerebrospinal fluid. 


SUMMARY 


In this preliminary note the observation is recorded of the presence of 
numerous mast cells in the pars nervosa, and particularly in the infundibulum 
of the pituitary body of cattle, the cat and Man. 

Their appearance of wandering, particularly along the infundibulum, is 
noted, and their frequent intimate association with the primary capillary net 
of the hypophysio-portal system is described. 


I am indebted to Prof. H. J. Wilkinson for his kindly interest and advice, 


and to Prof. J. B. Cleland, who has spared no pains in providing me with 
human pituitaries. 
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THE DIAGNOSTIC APPLICATION OF OUR KNOWLEDGE 
OF THE NORMAL VARIABILITY OF CUTANEOUS NERVE 
AREAS, EXEMPLIFIED BY THE MEDIAN AND ULNAR 
NERVES 


By I. MACLAREN THOMPSON 


University of California Medical School, Division of Anatomy, 
Berkeley, California, U.S.A. 


Nevroxoercat surgeons are familiar with variations in the areas of sensory 
alteration in complete lesion of the same nerve occurring in different people. In 
1928, while seeking a method of studying the variations in the cutaneous areas 
supplied by certain nerves, Thompson and Inman found that if a nerve trunk 
were stimulated through the skin by a suitable alternating current, the 
cutaneous area supplied by that nerve was rendered so insensible to light touch 
(as tested by von Frey hairs) that it could be mapped out as though the 
nerve had been severed; practically immediate return of normal sensibility 
following removal of the current. By this method, Thompson, Inman and 
Brownfield outlined the cutaneous areas supplied by the nerves of the forearm 
and hand in sixty-five limbs of young adult males. It should be emphasised 
that the present communication refers to adult males only; however, these 
are, on the whole, the section of the population most liable to peripheral nerve 
injuries, civil or military. They also succeeded in measuring each area in square 
centimetres by transferring its outline to paper and planimetering it. Since, of 
the nerves studied, the median and the ulnar are the most important clinically, 
the results respecting these nerves are here presented, and the method of apply- 
ing them discussed; those desiring the data for the other nerves will find them 
inthe monograph by Thompson, Inman and Brownfield. 

The variations in size of the cutaneous areas supplied by the median and 
ulnar nerves were found to follow, so far as could be judged from so small a 
sample, the so-called “normal” curve; this justifies the use of the standard 
deviation as a measure of variability, and the assumption that in the general 
population of adult males, from which our sample was drawn, the size of each 
area exceeds the mean of the sample plus three times its standard deviation, 
and falls short of the mean minus three times the standard deviation, so rarely 
that for practical purposes these are the limits of size which one is at all likely 
to encounter (apart from rare gross anomalies). This proposition also involves 
some other assumptions, discussion of which would occupy excessive space 
here, 
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For the median and ulnar nerves, the pertinent figures are shown in Tabic I. 
It should be emphasised, however, that the figures appearing there are approxi- 
mate “round numbers,” convenient for rapid computation in clinical work; 
more accurate figures are given in the monograph. Thus, on this experiential 
basis, one would not ordinarily expect to encounter a median area exceeding 
310 sq. cm., or falling short of 125 sq. cm. (range 185 sq. cm.); or an ulnar area 
greater than 325 sq. cm. or less than 115 sq. cm. (range 210 sq. cm.). 

But the range of expected variability can be reduced (i.e. the accuracy of 
the expectation can be increased) by utilising the circumstance that people with 
big arms tend to have large areas for that reason, and vice versa—i.e. by taking 
into account limb size (Thompson). For this purpose, our measure of limb size 
is the “‘net total” cutaneous area of the limb; our method of estimating this 
is described in the monograph already mentioned. It was found that if the 


Table I. Size and variability of the cutaneous areas supplied 
by the median and by the ulnar nerves. 
Estimated Estimated 
minimum maximum 
(mean — (mean + Estimated 


Standard 3 x stand. 3 x stand. range 
Nerve area Mean deviation dev.) dev.) (max.—min.) 


Median 220 30 125 310 185 
Ulnar 220 35 115 325 210 


Estimated range 
Partial standard about regression 
deviation (about line (partial 
Regression equation on net total area regression line) stand. dev. x 6) 


Median 20 120 
-220=0-17 (y 1165) 
Ulnar 30 180 


measurements of a nerve area, say the median, were plotted (as ordinates) 
against those of the total cutaneous area of the same limbs (as abscissae), the 
points did not deviate from a straight line more than might be expected by 
chance in so small a sample (with certain exceptions, discussed in the mono- 
graph). For each nerve, a rectilinear equation was fitted by least squares, 
relating the area of the nerve to that of the limb. An approximate equation 
for the median and ulnar nerves is shown in Table I. In this equation, Y is the 
computed mean value of the area in limbs whose total area is y. Hence, to 
find Y, all that is necessary is to substitute an observed value for y and solve 
the equation. The figures in the last column of Table I show that for any 
observed size of limb, the range of expected variation in the median area is 
roughly 120 sq. cm., whereas if limb size is ignored the expected range is 
185 sq. cm. Similarly for the ulnar nerve: for any observed limb size, the 
range of expected variation is roughly 180 sq. cm., whereas ignoring limb size 
the expected range is 210 sq. cm. This.is what is meant by increasing the 
accuracy of the expectation by taking limb size into account. How may this 
be done in practice? 
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The best way is to measure the total cutaneous area by lubricating the 
limb (the sound limb, in the presence of a wound or other contra-indication) with 
glycerine, dipping it into molten paraffin (about 46° C.), withdrawing it, slitting 
the paraffin “sleeve,” “glove” and “‘finger-stalls,” flattening and tracing them 
on paper, and measuring the total area with a planimeter. This procedure 
_ (described fully in the monograph) is accurate, but troublesome: the following 
substitutes are available: 

(i) A suitable vessel being completely filled with comfortably warm water, 
the limb is immersed therein to a level about 2 in. above the elbow, and the 
overflow collected and measured in c.c.; the latter figure measures the volume of 
the limb. I am indebted to two of my students, Miss J. M. Sanders and Mr J. S. 
Chain, for observations on ninety limbs of young adult males showing that the 
average net total cutaneous area in sq. cm. (y) corresponding to any observed 
volume in c.c. (x) of the limb may be computed by substituting the observed 
volume in the equation y=0-5z + 480. 

(ii) Measure with a tape (in cm.) the circumferences of the limb: (a) at the 
mid-palmar level, excluding the thumb, (b) at the wrist, (c) at the thickest part 
of the forearm, (d) at the elbow, (e) 5 cm. above the elbow; measure the dis- 
tance, along the front of the extended limb, from the tip of the middle finger to 
a point 5 cm. above the elbow. Multiply this length by the mean of the five 
circumferences; call the product z. I am again indebted to Miss Sanders and 
Mr Chain for observations on ninety limbs of young adult males showing that 
the average net total cutaneous area in sq. em. (y) corresponding to any observed 
value of the product 2 above may be computed by substituting the observed 
value of 2 in the equation y=0-9x + 160. 

The weakness of both these approximations is that they depend upon sub- 
stituting for the actual value of the total cutaneous area the average value 
going with the dimensions measured; this substitution is based upon the sup- 
position that the particular limb with which one is dealing does not depart in 
this respect from the average for the observed dimensions. From this point of 
view, the observations of Miss Sanders and Mr Chain have shown that the 
method of circumferences is considerably more accurate than that of volume, 
and hence is to be preferred. 

Approximate correspondence may reasonably be presumed between the 
areas outlined by the method of Thompson and Inman and the areas of altera- 
tion (not complete loss) of the tactual sense in total lesions of the corresponding 
nerves. Hence the relationship of the area of tactual alteration in a lesion of the 
median or ulnar nerve to the probable limits of normal variability of the area 
inferred from the work of Thompson, Inman and Brownfield may be gauged as 
follows. 

Outline on the limb, with blue pencil, the area of alteration in tactual 
sensibility, as determined with von Frey hairs. Lubricate the area thoroughly 
with glycerine. Paint over this a layer of molten paraffin (at about 46° C.); 
when this has congealed, the outline of the area should show through the 
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paraffin. Draw the edge of a dull knife through the paraffin, following the 
outline of the area; remove the paraffin duplicate of the area to paper (slitting 
“finger-stalls,” etc., as required) and, without enlarging it, flatten it out, making 
suitable incisions into the margins where necessary ; trace the outline on to the 
paper, and measure it (in sq. cm.) with a planimeter. As a simple substitute for 
planimetry, the outline may be traced on to millimetre-squared paper, the 
squares counted, and the result expressed in sq. cm. 

Now measure the circumferences and the length specified above. If feasible, 
these should be measured on the affected limb, but if there be wasting, or any 
other contra-indication, the measurements may be made on the sound limb, 
the two being’ probably sufficiently alike for this purpose. Multiply the length 
of the forearm and hand by the mean of the five circumferences ; substitute the 
product for 2 in the equation y=0-97+160; the numerical value of y thus 
obtained is an estimate of the total cutaneous area of the affected forearm and 
hand; substitute this value for y in the equation Y —220=0-17 (y—1165); and 
solve for Y, the mean value of the median or ulnar area in limbs of that size. 
The partial standard deviation of the median nerve being 20 sq. cm., and that 
of the ulnar 30 sq. em., the estimated range of normal variation of the median 
area in limbs of that size is: minimum Y —(8 x 20), maximum Y + (3 x 20); the 
estimated range of normal variation of the ulnar area in limbs of the observed 
size is: minimum Y —(3 x 30), maximum Y +(8 x 80). The relationship of the 
observed area of alteration in tactual sensibility to the range of normal 
variability in the median or ulnar area (as the case may be) will now be clear. 

A couple of examples may serve to clarify the method. 

Example 1. Area of tactual loss (median nerve) 190-5 sq. em. 

Circumferences (p. 161): (a) 28-0 cm., (b) 17-0 em., (c) 28-0 em., (d) 27-5 em., 
(e) 27-0 em. 

Length of forearm and hand (p. 161) 53-5 cm. 

y=(0-9 x 1811) +160 =1340. 
Y —220=0-17 (1840-1165); Y=250. 


Minimum expected value = Y — (3 x 20) = 250 —60 = 190 sq. cm. 

Maximum expected value= Y + (8 x 20) = 250+60=810 sq. cm. 

Thus, the observed area of tactual loss in this case (190-5 sq. cm.) is at the 
lower limit of the normal variability of the median area in a limb of this size. 

Table I shows that the observed area of tactual loss is well within the 
estimated range of normal variability in adult males in general (125-310 sq. 
cm.); the method used in the example, however, shows that its position in the 
range of normal variability to be expected in this particular patient is very 
different. The difference between the two ranges is mainly at the lower end. 

Example 2. Area of tactual loss (ulnar nerve) 355 sq. cm. 

Circumferences (cm.): (a) 22-5, (b) 17-5, (c) 26-5, (d) 26-0, (e) 25-5. 
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Length of forearm and hand 52-5 cm. 
@=1239, y=1275. 
Y —220=0-17 (1275 — 1165); Y =240 (approximately). 

Minimum expected value = Y —(3 x 30) = 240 —90 = 150 sq. cm. 

Maximum expected value= Y + (3 x 80) = 240 + 90 =330 sq. cm. 

In this case the observed area of tactual alteration (355 sq. cm.) exceeds by 
some 25 sq. cm. the upper limit of the normal variability of the ulnar area in a 
limb of this size. In the absence of other indications, so small an excess might 
be ignored; but with additional evidence suggesting involvement of another 
nerve whose cutaneous area overlaps that of the ulnar, this might be taken as 
confirming that other evidence. 

The range of normal variability expected in this patient (150-330 sq. cm.) ' 
may be compared with the estimated range in adult males generally (115-325 
sq.cm., Table I). Again, the difference chances to be greater at the lower end; 
hence in this particular case the relationship of the observed area of tactual 
alteration to the range of normal variation happens to be but slightly altered 
by taking limb size into account; what is gained, however, is greater reliability 
in the conclusion. 

The following suggestions concerning the use of this method may be offered : 

(1) It will probably appeal only to the staff of neurological aie where time 
and facilities for such studies are available. 

(2) In typical cases, presenting no diagnostic difficulty, it seems un- 
necessary. 

(3) In cases where this type of information might possibly prove useful, but 
not important, it would probably suffice to compare the area of tactual loss 
with the approximate total limits of variation of the affected nerve (Table I), 
omitting estimation of the size of the limb involved. 

(4) In cases presenting certain types of diagnostic difficulty, the additional 
information obtained, as illustrated in the examples, may aid materially in 
reaching a decision. For example, tactual alteration falling far below the lower 
limit of normal variation would indicate a partial lesion; tactual alteration far 
exceeding the upper limit of variation would suggest involvement of more than 
one nerve. These possibilities may be examined by appropriate clinical tests, 
including critical scrutiny of the anatomical topography of the area of altered 
tactual perception. The possibility of a rare anomaly of distribution, outside 
the range of normal variation, might be worth recalling in a particularly 
obscure case. Of course, the evidence afforded by this method should not be 
considered per se; but in some cases it may form a helpful member of the total 
body of available information. 


SUMMARY 


1, The cutaneous area supplied by each principal nerve trunk varies con- 
siderably from person to person. In some cases of peripheral nerve lesion, it 
may be helpful to know the relation of the area of sensory alteration to the 
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range of normal variation of the area supplied by that nerve. An area below the 
range of normal variation suggests a partial lesion; an area above the normal 
range may indicate involvement of more than one nerve. These suggestions may 
be examined by other clinical tests. 

2. The range of variation of the areas supplied for light touch by the princi- 
pal nerves of the forearm and hand has been estimated by Thompson, Inman 
and Brownfield. 

8. A method of measuring the area of tactual alteration in nerve lesions is 
described. In a lesion of a nerve of the forearm or hand, the size of the area 
affected may be compared with the range of normal variation estimated by 
Thompson, Inman and Brownfield, and presented in their monograph. 

4, A more accurate estimate of the range of normal variation in an area to 
be expected in any individual patient may be made by taking into account the 
size of his forearm and hand. Three methods of estimating the latter are 
described: (1) by planimetry, involving the use of a paraffin “sleeve” and 
“glove”; (2) by measuring the volume of water displaced by the limb; (3) by 
measuring certain circumferences and a length. The last method is recom- 
mended, because, while more expeditious than the first, it is more accurate than 
the second. 

5. The method of making the computations and of interpreting the results 
is illustrated by examples involving the median and the ulnar nerves. 
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THE COMPOSITION AND DISTRIBUTION OF VASCULAR 
NERVES IN THE EXTREMITIES 


By H. H. WOOLLARD anv G. WEDDELL 
Anatomy Department, St Bartholomew’s Medical College 


Ir was observed that the changes in temperature which follow the blocking of 
peripheral nerves of the extremities with novocaine are much greater in the 
hand or foot than in the forearm or leg, and also that the rise in temperature 
in the foot is much greater than in the hand. In our laboratory experiments 
showed the maximum rise in the hand to be about 6° C., in the foot 11° C. 
(Woollard and Phillips, 1932). Hesse et al. have recorded similar observations. 

It is, of course, a familiar fact that angiospastic diseases such as Raynaud’s 
disease are affections confined to the hands and feet, or more rarely nose and 
ears. Surgeons have observed that lumbar sympathectomy gives a larger and 
clinically more lasting vaso-dilation than cervical sympathectomy. It is true 
that anatomical explanations have been brought forward to account for this 
(Sheehan, 1933). There is, however, an alternative explanation, viz. that the 
constrictor tonus is greater in the lower extremity than in the upper. 

If a normal subject lies horizontally upon a couch in a room at ordinary 
temperature, say 15-5° C., it will be found on exploring the surface of the body 
with a thermocouple that the face and trunk are not far removed from blood 
temperature, but that as the skin of the limbs is explored there will be dis- 
covered a drop in temperature along the upper extremity and a still more 
marked drop along the lower extremity. In the lower extremity the drop is 
particularly marked in the foot and distal third of the leg. If the room be 
warmed the first rise of temperature occurs in the face. After a considerable 
interval the temperature rises in the upper extremity, and then after a very 
much longer interval the temperature of the foot rises. This we have verified 
many times in different subjects. 

Ifa subject lying horizontally is heated up, the increase in temperature from 
vaso-dilation begins last in the soles of the feet; if the feet and legs are plunged 
into hot water the arms will show an increase of temperature in about 15 min., 
whereas if the experiment be reversed and the arms plunged into hot water the 
feet will take 30-45 min. to show an increased temperature and in some cases 
the ris may not occur at all. 

This sort of evidence showing the different behaviour of the upper and 
lower extremity we had gathered with Dr Carmichael while working on the 
anatomy of the problem. Meanwhile an exhaustive study of this problem was 
published by Pickering and Hess (1934). 
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The higher constrictor tonus in the foot arises not only out of its part in the 


regulation of temperature, but also we suppose is imposed on it to some degree bl 
in order to maintain the constancy of the distribution of the blood, a matter th 
affected by the evolution of the erect posture. Already Grant e¢ al. (1982) have a 
discovered in the arterio-venous anastomoses and their innervation, a special - 
temperature-regulating mechanism. 


Our intention in the present investigation was to correlate the pattern of the 
vessels in the extremities with the size, frequency, and kind of nerve fibres 
reaching the blood vessels at different levels along the limb. 


COMPARISON OF THE RAMI OF THE LOWER EXTREMITY 

Ordinary dissection shows in the case of the lumbo-sacral plexus that the 
ramus contributing to the first sacral (it is often double) is far larger than any 
ramus going to the fourth or fifth lumbar or to the second or third sacral. In 
order to make sure that no other factor was included in the rather crude method 
of inspection after dissection, transverse sections of these rami were made and 
stained by the Cajal method. Their relative areas were plotted on squared 
paper and the results obtained are given in Table I. 


Table I 
Relative area 


Photomicrographs are shown (see text-fig. 1). The ramus to the second sacral 
was accidentally distorted by pressing between slides, hence the elongated 
shape. 

It was noted that there were nerve cells in one fasciculus of the ramus to the 
first sacral throughout its length. Medullated fibres were also present here but 
in none of the other rami. In a recent article Kuntz (1931) has maintained that 
these medullated nerves are sensory. He comes to this conclusion as the result 


of degeneration experiments. The alternative view is that they are postgang- : 

lionic fibres which have not yet lost their medullary sheaths. We would remark t 

that since medullated fibres found in rami of the upper extremity are absent 

from the rami of the lower extremity, except in the case of the first sacral, and 

here nerve cells are also present, the latter suggestion is more probable than the 

former. t 
As already remarked the eighth cervical and first sacral respectively d 

contribute most to the sympathetic innervation of the hand and foot, and it is d 

curious to observe in these, the largest of the rami, the extension of nerve cells : 

beyond the sympathetic ganglia. We think that these are sympathetic ganglia ( 

from which postganglionic fibres are entering the ramus in question. We have . 

no explanation to offer of this cell extension beyond the suggestion that in some I 

obscure way it may be correlated with the greater functional activity of these 
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The nerve cells show granular staining with silver, some cells containing 
black and others yellow granules. There were all gradations from the lightest to 
the darkest granules. High-power infra-red photomicrographs were taken to 
see if more detail could be obtained, because Blair (1933) by this method had 
concluded that the coloration followed the twofold distribution of Kiss and 
was due to granules enmeshed in a reticulum. An inspection of the infra-red 


Sl 


Text-fig. 1. Microphotographs showing relative sizes of rami to lumbo-sacral plexus. x 27. 


photographs (Plate I) show we think that the coloration is due to granules, and 
the depth depends upon their density which is of every degree. We were unable 
to satisfy ourselves of the presence of a reticular framework. 


RAMI OF THE UPPER EXTREMITY 

The predominance of any particular ramus is not so easily established in 
the case of the brachial plexus. The rami to any root are subject to considerable 
diversity both in number and apparent origin. This diversity seems most 
developed in Man. In the brachial plexus of a chimpanzee the rami are single 
contributions, except in the case of the seventh cervical which is trebled 
(text-fig. 2). Unfortunately the rami were lost in the course of being sectioned, 
and the relative sizes of the various rami to the roots could not be determined. 
In the dog, however, of which several dissections have been made, the rami to 
the roots do form a simple succession of single contributions. Again in the case 
of a lemur, dissection showed that the rami to the fifth and sixth cervical 
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proceeded from the ansa subclavius, whilst those to the seventh and eighth 
cervical and first thoracic came from the stellate ganglion. The rami were all 
small and no difference in size or number could be detected. 

The change from regularity to diversity in the arrangement of the rami 
seems to point we think to changes in the size of the hairless areas of the hand 
and foot in Man and perhaps the anthropoids. Our contention that the hand 
and foot in a special way have to do with the conservation and dissipation of 
heat cannot have much force except in animals where the hand and foot come 
to exist as large and well-developed portions of the extremities. These few 


Text-fig. 2. Sympathetic rami to brachial plexus of chimpanzee. 


observations on the sympathetic rami and the brachial plexus suggest that pads 
of the fore-limb and hind-limb in the dog for instance involve no such changes 
in the number of the vasomotor nerves as would be expected in the anthropoids 
and Man. 

Since from dissection only, owing to the variability of the rami, it was not 
possible to decide which root received the most sympathetic fibres, an estimate 
was made of the relative areas of the rami by microscopic section. The rami to 
each root were stained with silver and cut at right angles. Almost every ramus 
contained medullated nerve fibres, and in the case of the ramus to the eighth 
cervical, ganglion cells were seen as well. It was decided to regard the 
medullated fibres as postganglionic fibres which had not yet lost their medullary 
sheath. The transverse sections were accurately drawn on squared paper and 
compared. Table II gives the relative areas. 
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Table II 
Root Relative area 


6th cervical 
7th cervical 
8th cervical 
lst thoracic 


It is thus inferred from these measurements that over twice the number of 
sympathetic fibres were contributed to the eighth cervical compared with any 
of the other roots (text-fig. 3). 


aa 


Text-fig. 3. Microphotographs sho 


NERVES TO BLOOD VESSELS 


Upper extremity. 

It might be expected that the nerves passing from the adjacent peripheral 
trunks would be more numerous in the region of the hand and foot than else- 
where in the limbs. Todd and his co-workers investigated this by the ordinary 
method of dissection and recorded the nerves they found passing to the blood 
vessels. From their investigations they concluded that such nerves were most 
frequent in the hand and foot. 

In this department Mr Norrish made a similar series of dissections and ar- 
rived at conclusions substantially the same as those of Todd and his colleagues. 
Text-fig. 4 is taken from his work and illustrates the arrangement and occur- 
rence of the vascular nerve fasciculi. 
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Text-fig. 4. 
A. Vascular nerves to the bifurcation of the common femoral artery. Vascular nerves appear 
to be more abundant where the larger arteries divide. 
B. Vascular nerves to the brachial, ulnar, and interosseous arteries of the forearm. They are shown 
passing to these vessels from the ulnar and median nerves. 
C. Vascular nerves of the hand. These are seen to pass from the adjacent nerves to the vessels 
with greater frequency as the periphery is approached. 
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This method of dissection is open to certain criticisms. It is not always easy 
to be quite sure that the strand isolated by dissection is really a nervous one. 
Subsequent microscopic study has often revealed that such a strand is a fine 
blood vessel or fibrous tissue, and contains none or very few nerve fibres. Again 
a nerve strand passing close to a blood vessel cannot necessarily be assumed to 
be engaged in supplying nerve fibres to that vessel. In our studies we adopted 
as a criterion of a vascular nerve bundle that it should be situated in the 
adventitia of the blood vessel it accompanied. Further, blood vessels are 
supplied by two kinds of nerves—medullated and non-medullated in anatomical 
terms, and both kinds have always been present in the numerous fasciculi 
examined. In order to support our thesis of heightened constrictor tone in the 
hands and feet anatomically it is necessary to show that the nerves composed 
of these two kinds of fibres, are either more numerous or that the proportion of 
non-medullated in them is greater. 

These points could only be met by serial microscopic investigation of the 
nerve fibres accompanying the blood vessels after preparation according to one 
of the silver methods. We chose the Cajal and the Beilschowsky methods. The 
main vessels of the upper limb were dissected out in their entirety, including the 
surrounding fibrous tissue, and sectioned at close intervals. The results of such 
investigations are to be seen in Table III. Several different sets of blood 
vessels are included in this table. 


Table III 
No. of fasciculi 


Brachial artery, upper third. . 
Brachial artery, middle third ee 
ne bend of elbow. A ... 


Radial artery, proximal part ... 
distal part... 
Ulnar artery, proximal part. - 


distal part. A ... 
B... 


Volar interosseous. A wet 


Superficial palmar arch | 
Deep palmar arch. A... 


Digital arteries: 
5th finger 
4th finger 
3rd finger 
Ist finger. A 

B 


” 


A comparison of these figures shows that the number of fasciculi increases 
as one passes towards the hand. It is true that as one examines smaller vessels 
like the digital arteries one cannot strictly assert that nerve bundles are in the 
adventitia, but in these instances the fasciculi follow the vessels so closely and 
entwine about them that we feel confident they can be fairly described as 
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vascular nerves. There is a preponderance of fasciculi in the more superficial 
vessels as compared with the deeper ones. Compare, for example, the superficial 
palmar arch (6) and the deep palmar arch (1 and 2). The absence of a definite 
fasciculus in the many sections examined of the volar interosseous artery 
suggests the same idea that vasomotor nerves are more abundant in the vessels 
nearest the surface. We have noticed here, and in other cases examined, a 
tendency for nerves to accompany the ulnar in apparently greater abundance 
than for instance in the case of the radial. We do not know if this is a true 
observation, and, if it is, we are unable to attach any significance to it. 

It has been mentioned above that there are several possibilities of error in 
the ordinary method of dissection when used to determine the frequency of 
vasomotor nerves. The results gathered together in Table IV were obtained by 
examining the fibrous tissue around blood vessels, and from the sectioning of 
any strand that resembled a nerve going to a blood vessel. 


Table IV 


In the connective tissue between ulnar nerve and artery in the forearm we 4 fasciculi 
In the connective tissue between the ulnar nerve and artery at the wrist. A 
B 


In the connective tissue adjacent to the median nerve ... 
In the connective tissue adjacent to the ulnar nerve 
In the connective tissue adjacent to the ulnar collateral sbteiry 
From such results as these we could not help feeling that no certain con- 
clusions could be drawn as to the distribution of nerves leaving the trunks and 
lying in the connective tissue adjacent to the arteries except by actually deter- 
‘mining the precise relation of the fasciculus to the blood vessels by micro- 
scopic sections, when it would be seen either in the adventitia of the larger 
vessels or embracing the smaller vessels. 
The following results (Table V) were obtained by sectioning strands isolated 
by dissection and thought to be actually ending in relation to blood vessels. 


Table V 
Strand Composition 

1. Branch from the ulnar nerve to the No nerves, composed entirely of fibrous 
brachial artery. tissue. 

2. Branch from the ulnar nerve to the Mostly fibrous tissue but one small 
brachial artery. bundle of nerves. 

3. Branch from the ulnar nerve to the Entirely composed of fibrous tissue. 
ulnar artery. 
These observations justify the statement that dissection of nerves to blood 


vessels is unreliable. 


THE COMPOSITION OF THE NERVE FASCICULI TO 
BLOOD VESSELS 


An attempt was made to determine the kinds of nerve fibres which com- 
posed these fasciculi supplying the blood vessels. Owing to the fact that the 
nerve bundles pursue a spiral course around the vessels, it is rarely possible to 
get a transverse section, and so the count must be made on a section more or less 
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oblique. The upper extremity material also left much to be desired in the way 
of preservation and furthermore had to be drawn from subjects which were of 
advanced age. The nerve counts were divided into two classes, medullated and 
non-medullated. The medullated nerves were composed of a small number of 
large medullated fibres and a greater number of medium medullated fibres, but 
the methods were not good enough to make it worth while attempting to arrange 
the medullated fibres in classes. All medullated fibres were taken together. 
The numbers given represent the average of several counts. 


Table VI 
Large Non- 
medullated medullated 

Brachial artery, upper third 47 36. 
Brachial artery, middle of the arm Many Few 
Brachial artery, bend of the elbow 9 32 
Radial artery, proximal portion Not possible to count 
Radial artery, distal portion 14 26 
Ulnar artery, proximal portion 84 85 
Ulnar artery, distal portion 3 Many 
Volar interosseous artery Not possible to count 
Superficial palmar arch 14 44 
Deep palmar arch : Not possible to count 
Digital artery to fifth finger 84 242 
Digital artery to index finger 42 95 


In so far as these figures give a fair presentation of the numbers of medullated 
and non-medullated fibres it is apparent that both kinds occur at all levels in 
the vascular tree, but there is a tendency for the number of non-medullated 
fibres to increase as the distal part of the limb is reached. 


NERVES TO THE BLOOD VESSELS OF THE 
LOWER EXTREMITY 

The nerves to the blood vessels of the lower extremity were examined in a 
manner similar to those of the upper extremity. The vessels were taken from — 
cases of thrombo-angiitis obliterans. Limbs amputated for this disease were 
chosen because firstly the condition of the nerves is of some interest in this 
disease, and secondly operations on the sympathetic system are frequently 
performed for its relief. In the first case examined the nerves were perfectly 
normal, Table VII summarises the results obtained. 

The fasciculi increase as the periphery is approached as was the case in the 
upper extremity. There were certain points on the larger vessels where there 
seemed to be sudden increase in the innervating bundles, similar to those found 
in the upper extremity. The material unfortunately has not permitted ac- 
curate counts to be made in all fasciculi, and we are uncertain as to whether 
there is a rise in the proportion of non-medullated fibres in the region of the 
sole. A second case of thrombo-angiitis obliterans was investigated in a similar 
manner, At once we were struck by the marked difference between the two 
cases. In the former the pathological process had been confined to the vessels 
themselves, but in the second case it had extended far beyond the vessels. The 
adjacent tissues were the seat of a fibrotic process in which all the nerve 
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fasciculi had been strangled. This strangulation was most marked in the 
lower part of the leg. In the upper part of the leg it was still possible to find 
fasciculi in a state of partial destruction (Plate II). 


Table VII 


No. of Non- 
Vessel fasciculi medullated 


Posterior tibial above the origin of the 9 61 
peroneal artery (only one fasci- 
culus counted) 
Posterior tibial, upper third, just beyond 310 
the origin of the peroneal artery 
Posterior tibial near the ankle joint 163 


Peroneal artery, upper third 180 
fasciculi 


counted) 
Lateral plantar 4 35 
(only one fasci- 
culus truly in the 
adventitia) 
441 925 


(three very close 
to the vessel) 
168 


Medial plantar 1 ' 312 
Plantar arch Abundance of fasciculi, but it is not possible to 
count the fibres in any of them 


SENSORY ENDINGS 


In the preceding section attention was drawn to the observation that at 
some points the number of vascular nerves passing to the arteries from the 
adjacent vessels was much greater than elsewhere. One such place appeared 
from dissection to be where the common femoral artery divided into its 
superficial and deep division. The nerve fasciculi had been followed closely in 
sections and were seen to alter in size and number, the total area of the fasciculi 
above the bifurcation being 44 sq. mm., while at the bifurcation it had become 
29 sq. mm. Moreover, it was thought that sensory endings in the vessel walls 
were recognised as well as Pacinian corpuscles. A microscopic examination 
had shown the presence of a number of Pacinian corpuscles in the adventitia of 
these vessels (see text-fig. 5). The hypothesis suggested itself to us that such a 
place might be a starting-point of a vascular reflex, the object of which 
would be to regulate the constrictor tonus of the lower limb in accordance with 
the demands of posture. 

We argued that on standing up the afferent limb of the reflex would be 
excited by the ensuing changes in the pressure of the blood within the vessel, 
and an increase in the constrictor tonus would follow in order to keep the 
distribution of blood constant. Such an argument could be tested by blocking 
the femoral nerve with novocaine, thus temporarily suppressing the afferent 
limb of the reflex, and observing the changes in the colour, temperature and 
volume of the limb on changing from lying down to standing up. This was 
done on one of us. The femoral nerve was injected, the quadriceps was put out 
of action, the knee jerk abolished and an area of anaesthesia extending almost 
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to the ankle obtained. No difference in colour or temperature of the limb was 
observed on standing up. No accurate measurement of the volume of the 
limb was made, but there was no reason to suppose there was any change. 
Dr Carmichael repeated this experiment with similar results. 

It seemed, therefore, that probably the femoral arteries were not a special 
region from which the vasomotor tonus of the lower extremity was regulated. We 
have already shown that every blood vessel fasciculus contains a large number 
of medullated fibres, some of which, if not all, must be ofa sensory nature. 
Another point also arises. Other observers had already described Pacinian 
corpuscles in the adventitia of blood vessels, and we made a systematic search 
of the limb vessels. We found Pacinian corpus¢les in the adventitia of brachial, 


Text-fig. 5. Pacinian corpuscles in the adventitia of the femoral artery 
near its bifurcation. x 144. 


radial and ulnar arteries, and in the lower extremity on the femoral, popliteal, 
post-tibial, and peroneal arteries. 

If these endings are excited by pressure then their wide distribution in the 
vessels of the limbs in closest relationship with the arteries is opposed to any 
special localisation of limb vascular reflexes regulating constrictor tonus. 


SUMMARY 


1. The rich vascular beds of the hands and feet have a similar richness in 
vascular nerves. 

2. Of the nerves of their respective plexuses the eighth cervical root and 
the first sacral root receive the most sympathetic fibres. 
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8. All vascular nerves contain both medullated and non-medullated fibres. 

4. Inaddition to other possible kinds of sensory endings Pacinian corpuscles 
occur in the adventitia of the large- and medium-sized arteries of the 
extremities. 


Our thanks are due to Dr Simon of this Department and Hospital for taking 
X-ray pictures. To the surgeons of the Hospital, Prof. Gask, Sir C. G. Watson, 
and Mr Paine, for enabling us to make use of the limbs they had amputated ; to 
Mr Dickson for allowing us to make use of one of the limbs amputated for 
thrombo-angiitis obliterans. 
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EXPLANATION OF PLATES I AND II 
Piate I 


Microphotographs of nerve cells in sympathetic ramus to first sacral nerve. 
A. Panchromatic plate. B. Infra-red plate. x 540. The dense masses in A are resolved into 
granules in B. 


Prate II 
A. Fasciculus running just external to the adventitia of a blood vessel from the leg. Note a few 
non-medullated fibres. x 160. 
B. Fasciculus running in adventitia of blood vessel from the leg. There is much fibrosis. x 160. 
©. Fasciculus running: in adventitia of blood vessel from the leg. Both medullated and non- 
medullated fibres can be distinguished. x 160. 
D. Another fasciculus running in the adventitia of a blood vessel from the leg. x 160. 
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VITAL STAINING OF THE NERVOUS SYSTEM 


I. FACTORS IN THE VITAL STAINING OF NEURONES 


By LESTER S. KING 
Workman Fellow in Anatomy, Harvard Medical School 


Axrnoveu in the brain trypan blue may be stored in certain specific regions 
and by certain cellular elements, it is generally agreed by all authors that 
normal adult nerve cells remain unstained!. MacCurdy and Evans (1912), 
however, demonstrated that neurones, when damaged, may stain vitally. 
Since then it has repeatedly been shown that necrotic or inflamed nerve tissue 
stores vital dyes much more freely than the normal. In such foci of injury the 
neurones may show either a granular or a diffuse vital stain. 

There are two major theories to explain the difference between healthy 
and injured nervous tissue. The one invokes the concept of an endothelial 
barrier between blood stream and brain parenchyma. In an inflammatory 
state this barrier becomes more permeable, allowing the passage of substances 
such as colloidal dyes, normally held up. Morgenstern and Birjukoff (1926) 
offer experimental proof of this theory. 

The contrary hypothesis, supported by Mendel (1928), Walter (1930) and 
Schmid (1931), denies the existence of a barrier between blood stream and 
brain substance. Instead they invoke a lack of affinity between nerve tissue 
and vital dyes. Normally they claim that the brain cells are freely reached by 
trypan blue, but do not exhibit it because of an intracellular factor (lack of 
affinity). Through injury this factor is altered and the dye is then stored by 
the cell. 

To investigate this problem further it was thought desirable to induce 
alterations from normal in nerve cells without simultaneous damage to capil- 
laries. For this purpose peripheral nerve section with the resulting retrograde 
degeneration in the cells of origin seemed a promising method. In a series of 
twelve rabbits unilateral hypoglossal section was performed under aseptic 
precautions. In four of the animals the homolateral vagus nerve was also cut. 
Small, medium, and large amounts of trypan blue were administered. The total 
dose administered varied from 0-07 to 0-58 gm. per kg. of body weight. For 
the smaller doses the intravenous route with a 0-5 or 1-0 per cent. solution 
was used. For the larger amounts subcutaneous injection in the form of a 
2 per cent. solution proved most satisfactory. The total number of injections 
ranged from four to eight. 


1 The cells of the hypothalamus are not considered in the present paper. 


> 


178 Lester 8S. King 


The animals were killed from eight to thirteen days following operation. 
Fixation in Heidenhain’s Susa fixative for two hours was adequate. Blocks 
were then transferred without washing into several changes of 95 per cent. 
alcohol for three hours, then rapidly through absolute alcohol, absolute alcohol 
and chloroform, and chloroform. Material removed fresh in the morning was 
fixed, dehydrated, and in clearing fluid by evening. Sections were cut at cight 
microns and stained with Mayer’s paracarmine, giving a good counterstain 
and a highly satisfactory Nissl picture. Speed, and the avoidance of aqueous 
media as much as possible, were deemed necessary for the retention of all 
the dye in the tissue. 


OBSERVATIONS 


In every case the degenerative changes in the vagus and hypoglossal nuclei 
were well marked. The reaction, consisting principally in swelling of the cell 
body, migration of the nucleus to an eccentric position, chromatolysis, especially 
centrally, with frequently a remnant of Nissl bodies at the very periphery of 
the cell, and a pallor in the staining reaction, is too well known to require 
discussion. The variation in time allowed for degeneration, from eight to 
thirteen days, caused no appreciable difference in the picture. 

A valuable check on the intensity of the vital staining is offered by the 
area postrema and by the choroid plexus of the fourth ventricle. A rough, 
though by no means exact, correlation was found to exist between the inten- 
sity of staining in these regions and the amount of trypan blue administered, 
measured in grams per kg. Plate I, fig. 6 illustrates a part of the area postrema. 
The heavy storage of trypan blue here must serve as an index of the adequacy 
of dosage. 

In no case, regardless of the amount administered, was trypan blue present 
in any of the ganglion cells, either in the degenerated hypoglossal and vagus 
nuclei, or the corresponding normal nuclei of the opposite side, or in any other 
ganglion cells of the medulla. On the other hand, even with small amounts 
of trypan blue, there was a relatively abundant staining in macrophages 
around the blood vessels, less frequently in capillary endothelium and glia 
cells. The dye, however, was not indifferently distributed. Besides the area 
postrema it was confined almost entirely to the region of the hypoglossal and 
vagus nuclei, and to a lesser extent to the caudal portions of the medial vesti- 
bular nuclei. In other words the chief locus of distribution was in the tissues 
in the vicinity of the area postrema beginning somewhat caudal to the first 
appearance of this structure and continuing somewhat rostrally after its dis- 
appearance. 

Although the detailed study of the blood supply of the area postrema has 
never been worked out, the vascular network of this structure seems to be in 
close association with that of the vagus and hypoglossal nuclei. My prepara- 
tions suggest that the abundant macrophages in the area postrema extend 
along the blood vessels penetrating the neighbouring tissues. Plate I, fig. 5 
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shows a low-power view of a blood vessel leaving the area postrema and 
extending toward the vagus nucleus, carrying in its sheath numerous well- 
stained macrophages similar to those in the area postrema proper. Mandel- 
stamm and Krylow (1927) have previously briefly noted that the limit of 
staining between the area postrema and the rest of the medulla was not 
sharply defined. 

It is to be noted that trypan blue was stored more constantly and intensely 
by macrophages in the vagus and hypoglossal nuclei than in the leptomeninges. 
In heavily stained animals, however, there was a moderate amount of dye in 
cells of the pia-arachnoid. Occasionally a blood vessel could be seen entering 
the periphery of the brain substance, carrying in its sheath a few vitally stained 
cells identical with those found elsewhere in the leptomeninges. In addition, 
isolated dye granules were rarely found in endothelial cells and adventitial 
macrophages of blood vessels scattered at random through the medulla, 
especially near the periphery or in the raphe. 

The storage of dye in susceptible cells of the vagus and hypoglossal nuclei 
was approximately equal on the two sides. Some animals presented slightly 
heavier staining in the nuclei affected by retrograde degeneration, others 
slightly more in the uninjured nuclei. In any case the difference between the 
two sides was so small that it is not considered of significance. There was no 
evidence found that the experimental injury rendered the blood vessels of the 
regions involved more permeable to the dye. 

Plate I, figs. 1-4 illustrate the type of dye storage and the relation of 
vitally stained cells to the injured and normal neurones. 


DISCUSSION 


It is obvious that the presence of a significant quantity of trypan blue in 
phagocytic cells outside the vascular channels proves the permeability of the 
blood vessels to the dye. The present data do not bear on the merits of the 
vascular barrier theory in other parts of the brain. But in the regions under 
investigation this concept can be disregarded. 

The dye necessarily had equal access to all types of cells, yet is stored only 
by susceptible cells. With trypan blue freely available neither the normal 
neurones nor those injured by retrograde degeneration! showed vital staining. 
The conclusion can be drawn that the type of injury produced is not sufficient 


1 Doinikow (1913), investigating peripheral nerve degeneration, sectioned the sciatic nerve 
in rodents, administered trypan blue, and. examined the resulting Wallerian degeneration. In a 
footnote he stated that a few mice, which had received very large amounts of trypan blue, 
showed dye granules in occasional anterior horn cells in the lumbar region. He stated further 
that “perhaps” this phenomenon is connected with retrograde degeneration from nerve section. 
These observations appear to be contradictory to the present results. However, he gave no 
description of the cells in question. Since we cannot tell whether they showed pathologie altera- 
tions, or in what segments of the cord they appeared, or whether they really were the cells of 
origin of the cut sciatic, his isolated and casual observation affords no real basis for discussion, 
and cannot be used in the present problem. 


n. 
ks 
it. 
ol 
as 
ht 
in 
us 
ill 
ei 
all 
ly 
of 
re 
to 
he 
h, 
n- } 
d, 
a. 
nt 
us 
er 
ts 
es 
ia ‘ 
ea 
id 
es 
‘st 
is- 
as 
in 
id 


180 Lester S. King 


to give neurones an affinity for the dye, in spite of the severe morphological 
changes. In other words, retrograde degeneration, a non-inflammatory injury, 
does not alter the physical or chemical properties of the neurones sufficiently 
to induce vital staining. 

In relation to this topic of affinity, certain data of Behnsen (1927) should 
be recalled. He observed that in very young animals the neurones may stain 
with trypan blue, but that this reaction is.lost in the adult. There are other 
examples of such a difference in behaviour between young and adult tissues. 
For example, Blotevogel (1924) showed that in developing teeth the amelo- 
blasts have a lively affinity for trypan blue, while adult mature cells do not. 
Moreover, analogous to the reaction of neurones, I have shown in another 
connection (King, 1984) that the adult ameloblasts, when injured, may stain 
vitally, although the healthy ones do not. In the case of both neurones and 
ameloblasts the intrinsic affinity for trypan blue in the young may be con- 
sidered different from that in the adult, and in the adult this affinity may be 
altered by injury. 

CONCLUSIONS 

1. In the caudal end of the medulla there is a constant though slight vital 
staining with trypan blue of the perivascular macrophage in the hypoglossal 
and vagus nuclei, and the regions bordering on the area postrema. 

2. Retrograde degeneration is not sufficient injury to induce vital staining 
of the neurones with trypan blue, although dye is present in the tissue sur- 
rounding the neurones. 


3. This absence of vital staining of neurones injured by secondary degenera- 
tion should be attributed to a lack of affinity for the dye rather than to a 
hypothetical vascular barrier. 
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EXPLANATION OF PLATE 
(All figures are camera lucida drawings) 
Fig. 1. Dorsal vagus nucleus. Retrograde degeneration. Vital staining of perivascular macro- 
phage and microglia. x 540. 
Figs. 2 and 4. Hypoglossal nucleus. Retrograde degeneration. Vital staining of perivascular 
macrophages. x 760. 
Fig. 3. Dorsal vagus nucleus. Normal. Vital staining of perivascular macrophages. x 760. 
Fig. 5. Blood vessel leaving the area postrema, and running towards the dorsal vagus nucleus. — 
The intensely stained macrophages in the vascular sheath are especially to be noted. x 760. 
Fig. 6. Vital staining in the area postrema. x 760. 


Jour 

a 

| 

5 

Ase 
| 
KING- 


Journal of Anatomy, Vol. LXIX, Part 2 


ase 
~ 


KING—Vrear STAINING OF THE NERVOUS SysTEM 


eee Plate I 
~ 
OF 
(se) 


B 
un 
by 
of 
un 
sid 
un 
sat 
th 
sel 
of 
cel 
ar 
ar 
ful 
in 
au 
bo 
bo 
th 
Hi 
: re 
: m 
te’ 
se 


THE UNCROSSED LATERAL PYRAMIDAL TRACT 
IN HIGHER PRIMATES 


By JOHN F. FULTON, M.D. 
AND 
DONAL SHEEHAN, M.D.! 


' From the Laboratory of Physiology, Yale University School of Medicine 


I. INTRODUCTION 


Buaterat degeneration in the lateral column of the spinal cord following a 
unilateral lesion of the motor cortex in the chimpanzee was first described 
by Leyton and Sherrington (11) in 1917. In three animals, one after ablation 
of the left arm area, and two in which the left leg was removed, Marchi studies 
revealed, in addition to the contralateral pyramidal degeneration in the cord, 
uncrossed degenerations in the lateral and ventral columns of the ipsilateral 
side. In the experiments involving the lower extremities, the fibres of this 
uncrossed lateral pyramidal tract could be traced as far down as the third 
sacral segment. Fulton and Keller ((5), p. 101) examined the degeneration in 
the cord of one chimpanzee following complete removal of the motor repre- 
sentation of the left lower extremity. Their findings confirmed the observations 
of Leyton and Sherrington and they were able to estimate that nearly ten per 
cent. of the pyramidal degeneration passed into the uncrossed postero-lateral 
area. 

The course of the cortico-spinal fibres arising in the premotor and motor 
areas of the monkey, as demonstrated by the Marchi method, has been care- 
fully analysed by Kennard (10), and the synaptic terminations of such fibres 
in the cord have been studied by the bouton method by E. C. Hoff(8). These 
authors have shown in the monkey that ipsilateral cortico-spinal tracts arise 
both in motor and premotor regions and that the motor area sends fibres 
both to the lateral and ventral spinal columns of the same side, while from 
the premotor area the ipsilateral fibres are found only in the lateral column. 
However, the total ipsilateral degeneration from the premotor cortex proved 
relatively greater than from the motor area. Hoff’s studies indicate, further- 
more, that a large proportion of the ipsilateral descending tracts actually 
terminate on the ipsilateral side and do not ultimately cross in the lower 
segments of the cord as some have suspected. _ 
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II) EXPERIMENTAL RESULTS 


During the past two years further experiments confirming the existence 
of this bilateral representation of the motor cortex in the chimpanzee have 
been carried out in this laboratory). Four chimpanzees have been studied 
and the following example is presented since the Marchi staining in this ex- 
periment was the most satisfactory. The results obtained will direct attention 
to the lack of agreement in most standard texts of anatomy and neurology 
concerning ipsilateral cortico-spinal pathways. It is generally stated that in 
higher mammals there is an ipsilateral ventral tract lying close to the ventral 
sulcus of the spinal cord. The existence of an uncrossed lateral pyramidal tract 
in the spinal cord is, however, omitted completely from most standard descrip- 
tions of the pyramidal pathways, in spite of the numerous confirmatory 
reports gathered from histological studies on the cat, dog, monkey, chimpanzee 
and Man. 

EXPERIMENT 1 


Subadolescent male chimpanzee. Removal of left leg area; flaccid monoplegia 
and positive Babinski. Sacrifice for Marchi studies on 15th day; rich ipsilateral 
degeneration in cord (‘‘Mike’’). 

The subject of this experiment was a well-developed male chimpanzee 
(Pan satyrus) approaching adolescence and weighing 14,000 gm. The animal 
was used for a degeneration experiment because it was difficult to handle and 
because its breathing movements were abnormal, due, as the autopsy disclosed, 
to a huge lymph node at the hilus of the right lung. There was no other 
evidence of tuberculosis. 

Operation (29 March, 1982). Under sodium amytal anaesthesia the left 
hemisphere was freely exposed by means of a bone flap and the chief markings 
traced upon cellophane. The motor area was identified by faradic stimulation 
and the motor representation of the left lower extremity was ablated, all 
tissue being removed well to the bottom of the central sulcus (text-fig. 1). The 
wound was approximated as usual with silk and it healed by primary union. 

Postoperative notes. An immediate postoperative examination revealed a 
well-marked Babinski response on the right side, and a feeble plantar extension 
response (? from anaesthesia) on the left; the arm, knee, and ankle-jerks were 
equal and hyperactive. The Chaddock, Oppenheim and Gordon responses could 
be elicited on both sides, but more easily on the right. The Rossolimo sign was 
absent bilaterally and there was flaccidity of all joints of both lower limbs. 
When the animal recovered from the anaesthetic, spasmodic conjugate devia- 
tion of the eyes to the right was observed. 

On the first postoperative day the animal had not fully recovered from the 
anaesthetic. There was conjugate deviation of the eyes to the right. Both 
lower limbs were flaccid at all joints but there was some voluntary power of 
the hip and knee on the left. The knee-jerk was present and the ankle-jerk 
absent, bilaterally. The Babinski, Chaddock and Oppenheim responses were 


ab 
fa 
ne 

po 

we 

| TI 

mi 

th 

| 

Te: 

dis 

| an 

th 

po 

th 

| an 

| We 


Uncrossed Lateral Pyramidal Tract in Higher Primates 183 


present on the right side and weakly so on the left. The Rossolimo reflex was 
absent bilaterally. There was also some weakness of the right upper limb and 
face. 

On the second postoperative day the animal had fully recovered conscious- 
ness. On the right side the Babinski, Chaddock and Rossolimo were all 
positive, all other reflexes being negative. On the left all pathological reflexes 
were absent. The voluntary power of the left lower extremity was recovering. 
There was considerable deficit of motor power on the right upper extremity 
and the limb was held in a semi-flexed hemiplegic posture and resisted passive 
manipulation. Marked improvement in motor power at the knee and hip on 
the right lower extremity was observed, but there was no evidence of voluntary 
movement of the ankle or toe. 


Text-fig. 1. Drawing of the left motor cortex of the chimpanzee made at operation from a direct 
cellophane tracing. The lesion, comprising the cortical representation for the lower extremity, 
is shown in the detail on the right. The operative incision is shown in the detail on the left 
(chimpanzee “ Mike’). 

On the eighth postoperative day the animal showed marked respiratory 
distress. There was considerable deficit of motor power of the right lower limb 
and both upper extremities appeared good. It was impossible to examine 
the animal neurologically owing to its aggressiveness. At the end of two weeks 
power had returned to the right hip and knee and slightly to the ankle, but 
there were no prehension movements of the digits; the limbs continued flaccid 
and there was evidence of some muscular atrophy. The Babinski and Chaddock 
were positive but the Rossolimo and the Mendel-Bechterew were absent. 

Sacrifice (18 April, 1932). On the fifteenth postoperative day under ether 
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anaesthesia the bone flap was re-elevated and faradic stimulation of the motor 
cortex gave active responses in the right upper extremities and face, but there 
was no trace of movement of the lower extremity. When the electrode was 
applied to the crater of the lesion no response whatever was obtained. 

While under the anaesthetic the vascular system of the animal was washed 
through with warm Ringer-Locke solution and finally with formalin-Mueller’s 
solution (95 parts Mueller’s solution, 5 parts 37 per cent. formaldehyde). The 
brain and spinal cord weighed 380 gm. 

Lesion. A sharply circumscribed lesion extending to a depth of about 8 mm. 
was situated over the upper part of the pre-Rolandic gyrus. Except for a 
very slight infringement on the postcentral convolution superiorly the lesion 
was largely confined to the motor area; its anterior limit extended 2-3 mm, 
into the premotor region, i.e. as far as the precentral sulcus; inferiorly it 
reached a point which corresponded to the representation of the shoulder, 
Segments from all parts of the spinal cord and brain stem were removed 
immediately and were stained by the Marchi method. There were no signs of 
injury to the right hemisphere. 

Right lung. There was some consolidation in the upper and middle lobe 
with a huge caseous nodule at the hilum. The left lung, heart and abdominal 
viscera showed no evidence of abnormality. 


Histological findings 


In the sections through the pons there is degeneration of the pyramidal 
bundles entirely confined to the left side. The sections through the wpper part 
of the medulla (Plate I, fig. 1) show a similar unilateral degeneration in the left 
pyramid. No Marchi granules can be seen on the right side. At the level of the 
pyramidal decussation (Plate I, fig. 2) the large majority of the degenerating 
fibres can be seen crossing to the right side; a few remain ipsilateral but pass 
dorsally to take up a position in the left lateral column of the spinal cord. 

Sections through the level of the fifth cervical segment (Plate I, fig. 3) show 
a heavy degeneration in the right lateral column, the degenerating fibres 
forming a comma shaped bundle which extends laterally to the periphery. 
On the left side in an exactly corresponding position are degenerated fibres 
in significant number, although considerably less than on the right. This 
ipsilateral tract forms a comma shaped area exactly comparable in size and 
shape to that of the contralateral pyramidal tract. In addition, a small 
number of degenerating fibres can be seen in the left ventral column lying 
close to the central sulcus. There is no evidence of degeneration in any other 
part of the section. 

In sections through the tenth thoracic level (Plate I, fig. 4) an exactly similar 
arrangement is seen, except that the degenerating pyramidal tracts, both con- 
tralateral and ipsilateral, although still comma shaped, now lie more medial 
so that they do not quite extend to the periphery. The ipsilateral ventral tract 
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is still present in all levels of the thoracic cord though considerably smaller 
in its extent in the lower segments. 

In the first lumbar and first sacral segments, the contralateral and ipsilateral 
tracts are still present, but gradually decreasing in size in the lower levels. 
Here they tend to extend out once more to the periphery. The proportion of 
degenerating fibres on each side appears the same as in the cervical region 
although the total number on each side is considerably less. The ipsilateral 
ventral tracts at this level have all but disappeared. In no segment of the 
spinal cord could degeneration be traced in the anterior commissure. 

This case illustrates clearly the existence of bilateral representation for the 
motor area in the spinal cord. The fibres from area 4 appear to descend on the 
same side as far as the pyramidal decussation in the medulla. At this point 
three divisions can be recognised: (1) The large majority cross to the opposite 
side to run down in the lateral column of the cord. (2) A significant number 
(about one-tenth of the crossed tract) pass dorsally to the lateral column of 
the same side. (3) A few fibres remain ventrally and continue down the cord 
in this position as the direct or ventral pyramidal tract. In the chimpanzee 
this tract is well circumscribed. 


III. DISCUSSION 


Bilateral descending degeneration in the lateral columns of the spinal cord 
is a constant finding after unilateral lesions of the motor cortex in lower 
animals, This degeneration, extensive on the contralateral side, less marked 
but nevertheless distinct on the ipsilateral side, was first observed by 
Schafer (19) in 1883. In a monkey in which the central convolution and the 
adjoining parts of the frontal and parietal lobes had been removed on the left 
side of the brain, the left pyramidal tract was found degenerated throughout 
its entire extent, and in addition there existed “‘an unexplained tract of 
degeneration in the left lateral column of the cervical cord.” Schafer wrote: 
“The only gleam of elucidation as to the source of the degenerated fibres in 
the left lateral column in this region which it has been possible to obtain is 
to be found in the observation above recorded of the apparent passage of a 
small part of the degenerated left anterior pyramid towards the left lateral 
column whilst the larger part took the more usual course towards the opposite 
lateral column. I have searched in vain for any sign of degeneration along 
the pyramidal tract of the right side of the medulla, pons and crus cerebri, 
and of the right internai capsule.” 

Uncrossed degeneration in the lateral column was subsequently traced by 
the Marchi method in dogs by Sherrington@0, 21) and Muratoff(14); in cats 
by Boyce) and Redlich(i6); and in monkeys by Sherrington 22), Mott (13), 
Mellus 2), Rothmann (17) and Simpson and Jolly @3). In the higher Primates 
the evidence presented in this communication confirms the presence of the 
direct lateral pyramidal tract in the chimpanzee. 

In Man, Weigert studies of the spinal cord in cases of unilateral lesions, 
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nvolving the precentral cortex or the internal capsule, have been made by 
Pitres (15), Dejerine and Spiller()!, Dejerine and Thomas(4), Hoche(7) and 
Russell (18). All have been able to confirm the bilateral degeneration of the 
pyramidal tracts following such unilateral cerebral lesions. 

The histological evidence for the bilateral representation for the motor 
cortex (area 4 of Brodmann) thus seems unquestionable. It has been assumed 
by many that the direct ventral pyramidal tracts cross to the opposite side 
in the cervical and upper thoracic regions of the spinal cord through the 
anterior commissure, though the histological evidence for such a crossing is 
lacking. That the direct lateral pyramidal tract crosses likewise at some lower 
level seems highly improbable. It can be traced on the ipsilateral side as far 
as the sacral region and the studies of Hoff and Hoff(9) on the synaptic 
terminations of the cortico-spinal pathways lend no support to such a con- 
tention. 


IV. CONCLUSIONS AND SUMMARY 


1. Histological studies of a chimpanzee in which the left leg area was 
extirpated 15 days previously have revealed the presence of both an uncrossed 
ventral and an uncrossed lateral pyramidal tract. The direct ventral pyramidal 
tract has been traced as far as the lower thoracic segments. The direct lateral 
pyramidal tract has been traced on the ipsilateral side as far as the sacral 
region. 

2. The evidence in support of a bilateral representation for the motor 
cortex in Man and in the lower animals may be considered as established on 
an anatomical as well as on a physiological basis (2). 


REFERENCES 


(1) Boycg, R. (1895). Philos. Trans. B, vol. cLXxxvI, pp. 321-81. 

(2) Buoy, P. C. and Futon, J. F. (1933). Brain, vol. tv1, pp. 318-42. 

(3) Deserts, J. and Sprier, W. G. (1895). C. R. Soc. Biol., Paris (sér. 10), t. m1, pp. 622-8. 

(4) Deserte, J. and Tuomas, A. (1896). Arch. Physiol. (sér. 5), Bd. vit, 8. 277-86. 

(5) Fuuron, J. F. and Kreuzer, A. D. (1932). The sign of Babinski: A study of the evolution 
of cortical dominance in primates. Bailliére; London: Springfield, Ill.; Thomas. 

(6) Fuuron, J. F. (1932). Amer. J. Physiol. vol. ct, p. 36. 

(7) Hocus, A. (1897). Neurol. Zbl. Bd. xvi, S. 993-7. 

(8) Horr, E. C. (1934). Arch. Neurol. Psychiat., Chicago (in press). 

Horr, E. C. and Horr, H. E. (1934). Brain, vol. tvu, p. 454. 


1 Dr Spiller writes us as follows: “In 1895 I spent ten months at the Salpetriére in the service 
of Dejerine, and wrote with him a paper entitled : ‘Contribution 4 l’étude de la texture des cordons 
postérieurs de la moelle épiniére’ (see page 3). After completion of this work I undertook the 
investigation of the pyramidal tract in man. The spinal cords from a considerable number of 
hemiplegics, who had died within a suitable period after the paralysis developed, were studied 
by the method of Marchi, and I noted the bilateral degeneration of the crossed pyramidal tract 
from an unilateral lesion. My findings and notes were left with Dejerine with the understanding 
ke would report them, as he had the previous paper, before the Société de Biologie. This he did 
not do, but André Thomas took up the work where I had left off, and it was published by Dejerine 
and him with the title ‘Sur les fibres pyramidales homolatérales’ (see page 4).”” 


: 
| 
| 
4 
é 
ULTON 


ULTON ano SHEEHAN—Uncrossep PyramMipan Tract HIGHER PRIMATES 


wurnal of Anatomy, Vol. LXIX, Part 2 Plate I 
by 
and 
i 4 
was Fig. 1 Fig. 2 
ig. 2. 
sed 
idal 
eral 
cral 
tor 
on 
ons 
the 
sr of Fig. 3. Fig. 4. 
died 
ding 
did 
rine 


| 
(10) 
(11) 
(12) 
| (13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
: } Fig. 
Fig. 
Fig. 
Fig. 


Uncrossed Lateral Pyramidal Tract in Higher Primates 187 


(10) Kennagp, Marearer A. (1934). Arch. Neurol. Psychiat., Chicago (in press). 

(11) Leyton, A. 8. F. and SHerrineton, C. 8. (1917). Quart. J. exp. Physiol. vol. x1, pp. 135-222. 
(12) E. L. (1895). Proc. roy. Soc. vol. pp. 206-14. 

(13) Mort, F. W. (1894). J. Physiol. vol. xv, pp. 464-87. 

(14) Muratorr, W. (1893). Arch. Anat. Physiol., Lpz., Anat. Abth. 8. 97-116. 

(15) Prrres, A. (1884). Arch. Physiol. (sér. 3), Bd. m1, 8. 142-85. 

(16) Repxicn, E. (1897). Neurol. Zbl. Bd. xvi, 8. 818-32. 

(17) Rotumann, M. (1900). Arch. Psychiat. Nervenkr. Bd. xxx1u, 8. 292-310. 

(18) J. 8. R. (1898). Brain, vol. xxi, pp. 145-79. 

(19) Scuarsr, E. A. (1883). J. Physiol. vol. tv, pp. 316-26. 

(20) SueRRineToy, C. S. (1885). J. Physiol. vol. vi, pp. 177-91. 

(21) —— (1890). J. Physiol. vol. x1, pp. 121-2. 

(22) —— (1894). Lancet, vol. 1, p. 265. 

(23) Sumpson, S. and Jouzy, W. A. (1906). Proc. Roy. Soc. Edinb. vol. xxvul, pp. 281-301. 


EXPLANATION OF PLATE I 


Fig. 1. Microphotograph of section through the upper part of the medulla oblongata. The ventral 
portion, including the region of the pyramids, is shown in the figure to demonstrate the 
unilateral degeneration of the cortico-spinal fibres above the pyramidal decussation (chim- 
panzee “ Mike”), (Magnification x 10.) 

Fig. 2. Microphotograph of section through the lower part of the medulla oblongata at the level 
of the pyramidal decussation. The major portion of the degenerating tract crosses to the 
opposite side, but a significant number of fibres can be seen passing dorsally to the lateral 
column of the same side (chimpanzee “ Mike”). (Magnification x 10.) 

Fig. 3. Microphotograph of section through the fifth cervical segment of the spinal cord, to show 
the degeneration in the crossed, the uncrossed lateral and the uncrossed ventral pyramidal 
tracts (chimpanzee ‘“‘ Mike”). (Magnification x 10.) 

Fig. 4. Microphotograph of section through the tenth thoracic segment of the spinal cord. The 
degeneration is confined to the crossed pyramidal, the uncrossed lateral and uncrossed 
ventral pyramidal tracts, as seen in fig. 3 (chimpanzee “ Mike”). (Magnification x 10.) 
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PULMONIC ALVEOLAR VENTS 


By CHARLES C. MACKLIN, M.D., Pu.D., F.R.S.C. 


Faculty of Medicine, University of Western Ontario, 
London, Canada 


For some eighty-seven years at least a debate has been in progress on the 
point of whether the terminals of the mammalian air-way end blindly or 
communicate with one another through “ pores,” “‘stomata” or “fenestrae” in 
the alveolar walls. Its details are readily accessible ((1), 2), (3), (4), etc.). The 
affirmative have admitted these openings as normal entities, but few have 
found definite use for them. The negative have dismissed them as artifacts or the 
results of pathological change, such as that of emphysema. Recently certain 
authors ((), (6), (7), (8)) have suggested a function for them, although they 
address their attention rather to physiological indications of their existence 


than to actual histological demonstration. They regard the pores as affording 


a possible interlobular passage-way for air “in those species and in those parts 
of the lungs where the lobules are intimately fused and lack complete inter- 
lobular septa.” Thin liquids and finely particulate matter were able also to pass 
freely through the alveolar walls. They found no such communications between 
the separate lobes, except in the rabbit. Although the mode of transfer of air 
was not surely determined, they supposed it to depend both upon diffusion 
through the alveolar walls and upon flow through the pores in these. Others, 
as Ogawa (9), Adams and Livingstone (10), and Joannides (11), have reported the 
presence of alveolar pores in mammals in recent years. 

My purpose is now to set on record my conviction that these pores (or, as I 
prefer to call them, “vents” or “fenestrae”’) are normal openings in the alveolar 
walls of Mammals, and that they quite probably subserve an important 
function. I feel that they are alone sufficient to account for all such inter- 
lobular transference of air and liquids as those just mentioned, and that it is 
unnecessary to postulate diffusion through intact alveolar walls. 


HISTOLOGICAL DEMONSTRATION 

These vents may be easily demonstrated when lying flat in thick (25-50 
or more) stained sections from expanded lungs, both frozen and embedded. 
They were found universally in Man, dog, cat, rabbit, guinea-pig and rat, and 
probably occur in many other Mammals. In thin sections, however, they are 
very difficult to recognise, appearing as mere interruptions in the alveolar walls, 
and hence are apt to be dismissed as technical faults. The openings could 
scarcely have been artificially formed by over-stretching of the walls during 
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the preparation of the material, especially in lungs fixed in situ by vascular 
injection at low pressure. Then, too, their appearance is not that of a rupture. 
The vent outline was usually eircular or oval, and the edges clean-cut, evenly 
curved and extremely thin. The width of the protoplasm between the sur- 
rounding capillary wall and the vent edge was variable and seemed to depend, 
at least to some extent, on the degree of tautness of the wall. Clear demonstra- 
tions of the relation of the capillary network to the vents were obtained by 
filling the vessels with coloured gelatine, although in blood-filled capillaries the 
outlines were well marked by the stained corpuscles. In the translucent 
protoplasmic borders of the vents, very delicate reinforcements of reticular and 
elastic fibres were often found. The literature contains many illustrations of the 
vents, as figs. 109 and 110 of Braus (12). 

They vary somewhat in relative abundance and size in different species of 
Mammals. In the cat, for instance, quite large single vents were found 
frequently, though multiple vents in a single wall were not at all unusual. The 
largest vents were seen in the alveolar walls attached to the pleura, or to blood 
vessels and bronchi. In size they ranged from that of a red blood disk, or even 
smaller, to half the width of an alveolar wall. In the dog they were very 
numerous, and walls were not infrequently found in which the meshes of the 
capillary network were so richly perforated as to suggest a sieve. Although I 
have not completed my studies of the human lung, I have demonstrated vents 
in seven cases without difficulty at ages ranging from two years and five months 
to eighty years. Even in “collapsed” human lungs (that is those fixed by 
immersion in the usual way, and containing enough air to support the con- 
tracted alveolar walls) a few vents may still be seen. These are presumably the 
larger openings which have not completely closed up with the reduction in area 
and thickening of the walls incidental to the collapsing process. Under these 
conditions one often has to search a considerable area before a vent is revealed, 
so well concealed are they. On the other hand, one often encounters small slits 
or grooves in the walls which are interpreted as closed vents. The edges of those 
which have remained open are thicker and blunter than are those from ex- 
panded alveoli, and the impression is that they have become much reduced in 
size. It would seem that in the collapsed lung most of the vents are closed. On 
account of this tendency to hide themselves in ordinary autopsy material they 
have escaped attention, particularly in the thin sections which are so univer- 
sally used. I feel that they are more numerous in the human lung than has 
been realised. 

GELATINE INJECTIONS 

The free peripheral communication between lobules was shown by a number 
of injection experiments somewhat similar to those of others ( (5), (6), (7), (8), (12). 
Hot gelatine injected into one bronchus returns by way of neighbouring 
bronchi, as Braus (12) describes for the emphysematous human lung. By mixing 
particles of greater size than the vents (such as the ‘“‘ Bronze Powder” of the 
paint shops, or Lycopodium spores) with previously filtered gelatine, and 
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injecting this heated mixture into a bronchus, it was found that the particulate 
matter was retained in the central territory (that pertaining directly to the 
bronchus injected), while the free gelatine diffused into the surrounding lung 
district. It was evident that the particles were being filtered out by the 
fenestrated membrane afforded by the associated alveolar walls, and this 
conclusion is strengthened by finding the particles concentrated at the periphery 
of the central region. Again, when two adjacent bronchial stems were injected 
with gelatines of different colours, each was surrounded by a region containing 
only its own colour, while the intermediate region showed a blending of hues, 
and this intermixture was manifest in microscopic sections. 


SIGNIFICANCE 


The presence of the pulmonic alveolar vents opens up new problems in 
physiology and pathology. Are they, for instance, of service under normal 
conditions in ordinary respiration? This question cannot be answered at present. 
It seems possible that they provide a means of equalising alveolar air pressure 
in adjoining lung territories, with consequent advantages for instance to the 
pulmonic circulation. In this brief survey there is ample evidence that the 
vents are very abundant in animals, like the dog, whose lungs are subjected to 
very active use, but it is too early to make a pronouncement on the relation of 
relative abundance of alveolar perforations to intensity of pulmonic ventilation. 

When we come to the pathological field, however, there is possibly more 
reason to speculate with greater confidence, and to look upon them as providing 
what might be designated an emergency safeguard. I am inclined to agree with 
Van Allen, Lindskog and Richter ((5), (6), (7), (8)) in their view that they may play a 
helpful role in the prevention of lobular atelectasis by permitting air to diffuse 
into the alveoli of a part of the lung whose air tube is occluded. This prophy- 
lactic mechanism may break down through pathological occlusion of the vents 
(as these authors admit), so that it is by no means always a dependable 
protection against alveolar collapse. It may be, however, that these openings 
do ward off atelectasis in many cases, and that this condition would be much 
more often met with in the absence of the vent mechanism. It would seem 
likely, too, that the vents act as safety valves to prevent harmful over-disten- 
tion of alveoli adjoining such a territory threatened with collapse. They would 
in such cases doubtless undergo widening to allow freer escape of air into the 
neighbouring under-distended region. It may even be that the smaller ones are 
actually closed under usual conditions, and only open when the alveolus is 
over-full. Thus in emergencies like this the vents may subserve both functions 
simultaneously: (a) circumventing collapse in bronchiolar territories whose 
ventilation would, in the absence of the vents, be interdicted, and (b) counter- 
acting the tendency of alveoli to deleterious hyperinflation, in districts border- 
ing collapsing alveoli. Whether such a diffusion should be called “collateral 
respiration” and likened to collateral circulation of blood ( (6), (6), (7), (8)) I think 
may well be questioned, and I doubt the appropriateness of the term “ breath- 
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ing” to this process. To my mind there is a great difference between a permea- 
tion of air through the vents and the free ventilation of the alveoli by way of 
the alveolar sacs and ducts. 


SPREAD OF DISEASE 


Do the vents involve disadvantages? Is infected material spread from 
lobule to lobule through these openings? This would seem possible, at least 
until the infective centre is circumscribed by protective inflammatory reaction. 
There is no other tissue like this in the human body. We must now visualise 
a highway, through a succession of open doors in the alveolar walls, along which 
pathogenic bacteria may pass directly through the lung tissue. Over-distention 
of alveoli would, by opening and enlarging these doors, favour this direct 
method of spreading of infection. Are the larger vents traversed by amoeboid 
phagocytes, and is this circumstance helpful under normal conditions, or 
harmful, if the phagocytes are carrying living pathogenic micro-organisms? 
Are ‘tubercle bacilli, for instance, ever carried from one alveolus to another 
through these pores? These, and allied problems, must be left for the future to 
solve. 

ORIGIN 

I have not investigated the origin of the vents, but it is obvious, reasoning 
from the orthodox conception of lung embryology, that there must be a 
secondary attenuation and disappearance not only of the epithelium but of the 
mesodermal connective tissue of the alveolar wall as well. I do not think we 
need call this “emphysema.” Whether they enlarge in emphysema I cannot 
say; that is another matter. It has been held that they do, and also that new 
openings are formed. My impression is that the pathologists (like Kohn (13)) 
who have given their attention to the pores, have been too much swayed by the 
influence of the abnormal. This is not to say that the openings carrying strands 
of fibrin, in pneumonic consolidation, which have been so well known to patho- 
logists for decades as “‘ Kohn’s pores” are (or at least most of them) the vents of 
the normal lung of which I am speaking. The physiologists are naturally diffident 
about discussing this subject, since there is no unanimity of opinion amongst 
the anatomists. I myself, when weighing the matter judicially not long ago (14) 
sided with those who denied the occurrence of anastomoses between branches 
of the bronchial tree. Now that I have investigated “the fabric of Nature 
herself” I gladly revise my opinion. 
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EXPLANATION OF PLATE I 

The eleven figures are photomicrographs of fixed and stained pulmonic alveolar walls of cat, 
rat, guinea-pig and dog, showing the vents or “ pores,” approximately in the optical plane, as seen 
in thick sections. These walls, or areas thereof, were carefully selected from a large number of 
preparations in which the alveoli were distended. No alveolar wall was found in which its entire 
area lay exactly in the optical plane, and much searching of these slices had to be done with the aid 
of the binocular microscope before optical fields were found in which, as in the figures, enough level 
wall was presented to enable the vents to be photographed in focus. Much of the wall in these 
figures is, therefore, unavoidably out of focus. 

The lungs were fixed immediately after death by injection through the trachea to full disten- 
tion by gentle pressure while immersed in the same fixative. For the rat (fig. 8) absolute alcohol 
was used, and for the rest Bouin’s picro-formol. Sections were cut at 25y, 50u or even thicker, 
usually from frozen material, but also from celloidin or paraffin blocks. In some cases the method 
was used of fixing frozen sections to the slide with celloidin before staining. In these there is the 
advantage that some of the alveolar walls are fairly well flattened against the slide and are thus 
more satisfactorily viewed and photographed. 

Figs. 1, 2, 3, 4, 9 and 11 are from sections impregnated with silver to show the reticulum, 
according to the suggestions of L. Guyon (Amer. J. Path. (1931), vol. vit, p. 47). Figs. 5 and 10 
were stained with Masson’s haemalum-saffron-phloxin mixture and counterstained with Weigert’s 
resorcin-fuchsin to show the elastic fibres. Figs. 6, 7 and 8 were from simple Masson preparations, 
and care was taken to have the capillaries engorged in these cases to show their circumferential 
relationship to the vents. 

The 4 mm. Zeiss apochromatic lens, x 40, was used with a Zeiss compensating ocular x7, and 
this combination, with the extended bellows, gave a magnification of 430 diameters. 

Among the points demonstrated are the abundance of the vents, their smooth, evenly curved 
contours, the variations in number and size, the relation of the vent edges to the reticular and 
elastic fibres, and to the capillary network. 

Fig. 1. Single medium-sized vent in alveolar wall of cat. Silver-impregnated reticulum. 

Fig. 2. One fairly large vent is seen in focus, and there are also a number of others somewhat out 
of focus. Cat. 

Fig. 3. A medium-sized vent and one of small size are sharply focused, with edges outlined by 
silver-impregnated reticulum. A number of smaller vents are more dimly seen. Cat. 

Fig. 4. Single, fairly large vent, with two smaller ones to the left, and slightly out of focus. Cat. 

Fig. 5. Above is seen a large vent, fairly well focused, with another, also large, lying to the right 
and somewhat out of focus. Below, in another alveolar wall, are several smaller vents, some 
of which are clearly outlined. Portions of other alveoli show light _ indicating vents lying 
out of the optical plane. Cat. 

Fig. 6. Alveolar vents in the dog, one fairly large and well focused; a number of smaller ones, lying 
in the meshes of the capillary net, engorged with blood. 

Fig. 7. A fairly large vent in the guinea-pig. Blood corpuscles in the surrounding capillary net are 
seen. 

Fig. 8. Vents in the rat lung, surrounded by engorged capillary net. 

Fig. 9. Vents in relation to reticulum. Cat. 

Fig. 10. Multiple small vents in cat lung seen in relation to elastic network. 

Fig. 11. Solitary vent, cat, showing silver-impregnated reticulum. 
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THE DISTRIBUTION OF THE PALMAR APONEUROSIS 
IN RELATION TO DUPUYTREN’S CONTRACTION 
OF THE THUMB 


By W. F. HARPER, Pu.D., M.D. 


Department of Anatomy, University College, Dundee 


Tue hardening and contraction of the palmar aponeurosis resulting in the 
flexor contracture of the fingers named after Dupuytren has been known for 


Fig. 1. 


many years. A contracture of a similar nature occurring in the thumb, 
however, is sufficiently rare to warrant a short description of one which 
recently came under my observation. 

The interest of the occurrence of a Dupuytren’s Contraction of the thumb 


3 
Ry 


is, 
sen 
| 
lig 
sit 


The distribution of the palmar aponeurosis 195 


is, of course, due to the fact that, as a rule, the palmar aponeurosis does not 
send a prolongation into that digit. 

The deformity occurred in a male aged 62 years and was most marked in the 
left hand. Before operation the middle, ring and little fingers were markedly 
flexed on the palm, while the thumb also exhibited marked flexion at the 
metacarpo-phalangeal joint and to a less extent at the interphalangeal joint. 
Unfortunately it was not possible for me to obtain a photograph of the con- 
dition before operation, but fig. 1 shows the hand seven months after excision 
of the palmar aponeurosis. At the time of operation a much thickened fascial 
band was removed from the thenar eminence and tendon of the flexor pollicis 
longus. 

The condition in the right hand was less marked. In it, the little finger 
only was markedly flexed, but there was also evidence of thickening of the 
aponeurosis over the medial border of the thenar eminence and of com- 
mencing flexion at the metacarpo-phalangeal joint of the thumb. 


ANATOMICAL CONSIDERATIONS 


The distribution of the central portion of the palmar aponeurosis and its 
four digital prolongations is described in all anatomy textbooks and in most 
it is depicted as being limited laterally by the medial border of the thenar 
eminence. 

From a study of many dissecting room specimens and of several amputa- 
tions I found, in most cases, that the aponeurosis sent an extension of some 
considerable thickness onto the adjacent surface of the thenar eminence 
where it was continuous with the thinner fascial stratum of that region. In 
five cases this extension was longer than usual and was prolonged towards 
the metacarpo-phalangeal joint of the thumb, while in one case (fig. 2) the 
extension was continued onto and fused with the tendon sheath of the flexor 
pollicis longus. The condition was bilateral in the last-mentioned case; the 
palmaris longus muscle was present in all six cases and there was no obvious 
contracture-in any of the digits. 

Such extensions from the main aponeurotic sheet of the palm are com- 
parable to the other four digital processes which pass partly to the skin at 
the level of the heads of the metacarpal bones and partly to the vaginal 
ligaments of the flexor tendons. 


SUMMARY 


Extensions of the palmar aponeurosis onto the thenar eminence and into 
the thumb are described. These extensions are of special interest in connection 
with the rather rare condition of Dupuytren’s Contraction of the thumb. 


My thanks are due to Prof. J. Anderson, Department of Surgery, Univer- 
sity College, Dundee, and to Prof. D. Rutherford Dow of this department. 
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TOPOGRAPHY OF THE UNPAIRED VISCERAL 
BRANCHES OF THE ABDOMINAL AORTA 


By RUGGLES GEORGE 
Department of Anatomy, University of Toronto 


SCOPE OF THE INVESTIGATION 


‘Tus report records the results of an investigation of the location of four 
points on the abdominal aorta: 

(1) origin of the coeliac artery; 

(2) origin of the superior mesenteric artery ; 

(3) origin of the inferior mesenteric artery; and 

(4) the bifurcation of the abdominal aorta. 

The location of each of these four points was determined with reference to 
its vertebral level and measurements were made of the distances between the 
four points and of the total length of the abdominal aorta. 


MATERIAL 

The material used in this study comprised 120 dissecting room cadavera, 
of which 49 were from the University of Manitoba and 71 from the University 
of Toronto. Of the 120 subjects, 113 were adult males over 21 years of age. 
One male was aged 17 years and another male aged 20 years. The remaining 
five subjects were females. The details concerning the females are shown in the 
appendix on p. 205, and it will be noted that one of the females was 17 years of 
age and the other four over 21 years. 


TECHNIQUE 

When the routine dissection of the abdomen was advanced sufficiently to 
display the abdominal aorta and its branches, a two-inch finishing nail (i.e. a 
wire nail with a small head) was hammered into the vertebral column through 
the centre of the origin of each unpaired visceral branch and also at the crotch 
marking the bifurcation of the abdominal aorta into the common iliac arteries. 
Care was taken to drive the nail in the transverse plane to avoid the error of an 
oblique insertion into the vertebral column. Measurements were then made of 
the distance between the four nails, using sliding calipers and measuring from 
the centre of one nail-head to the centre of the next nail-head. 

When the abdominal viscera were removed and the abdominal aorta 
stripped from the front of the vertebral column, the vertebral level of each nail 
was determined, and this level was recorded as opposite a specified inter- 
vertebral fibrocartilage or the upper or middle or lower third of a certain 
vertebral body. 
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For purposes of mathematical treatment, the depth of an intervertebral 
disc is considered as equal to one-third of the depth of a vertebra. Thus, our 
class intervals, as shown in the tables, are all considered to be of equal size. 
The vertebral levels thus obtained are summarised in Table I. 


Table I. Frequency distribution of the vertebral levels of origin of the unpaired 
visceral branches of the abdominal aorta and of the site of bifurcation of 


the aorta. 


Superior Inferior 
y Class Coeliac mesenteric mesenteric Bifurcation. 
interval artery artery artery of aorta 


1 
U. 2 
XII M. 3 
L. 4 
) 5 
U. 6 
lim 
L. 8 
9 
U. 10 
II M. 1l 
L. 2 2 
( 15 
U. 4 20 
Ill M. 15 28 
is 6 23 1 
( 17 14 8 
8 15 
IV 19 2 20 
20 1 25 


< 


97 
1:59 
0-11 


19°8 
1-64 
0-11 


15-1 
1°53 
0°10 


0:09 


Note: The letters “U., M. and L.” refer to upper, middle and lower thirds of the thoracic and 
lumbar vertebrae, the vertebral bodies being denoted by Roman numerals, 


COELIAC ARTERY 

The vertebral level of the origin of the cceliac artery was observed in 97 
cases. With the exception of three extreme cases, all of these origins were oppo- 
site the last thoracic or the first lumbar vertebrae or the intervening disc. The 
mean of the series was at the upper edge of the first lumbar vertebra (class 
interval 5-5 in Table I) with o 1-59 and E,, +0-11. 

The upper and lower limits (or levels) of origin were recorded for each artery. 
Of course, it is only the freaks of the series that occupy these extreme maximal 
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and minimal or outlying positions; and they have therefore little interest for us, 
The standard deviation from the mean is of much greater significance. The 
standard deviation (c) is a measure of variability so highly informative that it 
has been calculated for each artery. Its interpretation may be explained by 
the use of a simple example: let us suppose that the length of say 100 living 
objects such as leaves, bones or arteries has been taken and that the mean 
length of the series has been calculated to be 24 mm. with a standard deviation 
of 2. Now, these 100 objects would be found to arrange themselves or fall into 
a biometrical or normal curve of which 67 per cent., i.e. two-thirds, would be 
found within one standard deviation on each side of the mean. That is, 24 +2 
or between 22 and 26mm. Also it is found that 99 per cent., or practically 
every instance, would be embraced by three times the standard deviation on 
either side of the mean. That is, 24 +6 or between 18 and 30 mm. It is due to 
the fact that such biometrical data arrange themselves in the form of a normal 
curve that it is possible by means of the mean and a single other number (c) 
to express the distribution of 67 and 99 per cent. of the cases. 

Table II compares the results of our series with those of other observers. 


Table II. Vertebral level of origin of the coeliac artery. 


Class 
No. of interval 
Author of series cases Location of mean (Table I) 


Our series (Canada) Upper third of lumbar I 
Adachi (Japan) 50 
Taniguchi (Japan) 

Heidsieck (Germany) 


It will be noted that these means congregate opposite the upper third of the 
first lumbar vertebra. Poirier and Charpy, and Testut give the location as at the 
disc between the last thoracic and first lumbar vertebrae but do not quote a 
series of cases. 

CoELIAC ARTERY AND THE DIAPHRAGM 


The origin of the coeliac artery in relation to the median arcuate ligament 
of the diaphragm was observed in 88 subjects. In 16 subjects the origin of the 
coeliac artery was separated from the diaphragm by an interval. In 14 subjects 
the origin of the coeliac artery was in contact with the diaphragm, and in eight 
subjects the diaphragm overlapped the origin of the coeliac artery. 


SUPERIOR MESENTERIC ARTERY 


The vertebral level of the origin of the superior mesenteric artery was 
observed in 97 cases, ranging from the middle of the twelfth thoracic to the 
middle of the second lumbar vertebra. The mean of our series was at the junc- 
tion of the middle and lower thirds of the first lumbar vertebra (class interval 
7-6 in Table I) with o 1-39 and E,, +0-09. 

Table III compares the results of our series with those of other observers. 
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Table III. Vertebral level of origin of the superior mesenteric artery. 
Class interval 
Author of series Location of mean (Table I) a 
Our series (Canada) Lower two-thirds of lumbar I 7-6 1-39 
Heidsieck (Germany) 75 1-62 
Adachi (Japan) Middle third of lumbar I 6-8 1-55 
Taniguchi (Japan) 100 7:3 2-04 
All of these means congregate opposite the lower two-thirds of the first 
lumbar vertebra. This is in rather sharp contrast with the statement of Poirier 
and Charpy who give the location as the disc between the second and third 


lumbar vertebrae but do not support the statement by a series of cases. 


INFERIOR MESENTERIC ARTERY 
The vertebral level of the origin of the inferior mesenteric artery was 
observed in 107 cases. These ranged from the lower third of the second lumbar 
vertebra to the lower third of the fourth lumbar vertebra. The mean of our 
series was opposite the middle of the third lumbar vertebra (class interval 
15-1 in Table I) with o 1-53 and E,, +0-10. 
Table IV compares the results of our series with those of other observers. 


Table IV. Vertebral level of origin of the inferior mesenteric artery. 
No. of Class interval 
Author of series cases Location of mean (Table I) 
Our series (Canada) 107 Middle third of lumbar IIT 
Adachi (Japan) 53 
Taniguchi (Japan) 


” 


Heidsieck (Germany) Lower third of lumbar III 15- 


Three of these means congregate opposite the middle third of the third 
lumbar vertebra and the other mean is only very slightly lower. Testut and also 
Poirier and Charpy give the location as opposite the disc below the third 
vertebra and Von Bardeleben gives it as opposite the disc above, but none of 
these statements is supported by a series of cases. 


LENGTH OF STEM OF THE INFERIOR MESENTERIC ARTERY 


The length of the stem of the inferior mesenteric artery (i.e. prior to the 
origin of its first branch, the left colic) was observed in 68 cadavers. The 
maximum stem-length was 9-0 cm., minimum 1-5 cm. and the mean of the 
series 8-8 cm. } Length of stem of 

The distribution according to Inf. Mesenteric Art 
stem length was as follows: / 


Stem-length (cm.) No. of cases 


Fig. 1. Measurement of the stem-length of the infe- 
rior mesenteric artery from the abdominal aorta to 
the origin of its first branch, the left colic artery. 
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BIFURCATION OF THE ABDOMINAL AORTA 
The vertebral level of the bifurcation of the abdominal aorta was observed 
in 105 cases. These ranged from the lower third of the third lumbar vertebra 
to the lower third of the fifth lumbar vertebra. The mean of our series was 
opposite the lower third of the fourth lumbar vertebra (class interval 19-8 in 
Table I) with o 1-64 and E,, +0-11. 
Table V compares the results of our series with those of other observers. 


Table V. Vertebral level of bifurcation of the abdominal aorta. 


Class 
No. of interval 
Author of series cases Location of mean (Table I) o 
Our series (Canada) 105 Lower third of lumbar IV 19-8 1-64 
Adachi (Japan) 208 20-2 1-29 
Taniguchi (Japan) 100 ” ” 20-2 1-09 
Heidsieck (Germany) 98 20-2 1:45 
Dwight (U.S.A. whites) 230 Lower two-thirds of lumbar IV 19-5 1-61 
Ssoson-Jaroschewitsch 104 19-5 181 
(European Russia) 
Quain (England) 196 Middle third of lumbar IV 19-3 1-63 


It is interesting to note that all of these seven means are opposite the lower 
two-thirds of the fourth lumbar vertebra. The following authors give the 
location but do not report a series of cases: Gray, “‘opposite the fourth lumbar 
vertebra’”’; Piersol, ‘“‘middle of fourth lumbar or lower”; Von Bardeleben, 
“lower border of fourth lumbar”’; Poirier and Charpy, ‘‘somewhere between 
the lower border of the fourth lumbar and the lumbo-sacral articulation.” 


DisTANCES BETWEEN POINTS ON THE ABDOMINAL AORTA 
Coeliac artery to superior mesenteric artery 


The distance between the origins of the coeliac artery and the superior 
mesenteric artery was measured in 94 cadavers. The maximum distance was 
3-1 cm., minimum 0-5 em. and the mean 1-6 cm. with o 0-50. The distribution 
by groups is as follows: 


Distance in cm. No. of cases 


0-0-0°5 2 
0-6-1-0 6 
11-15 40 
1-6-2-0 33 
2-1-2-5 9 
2-6-3-0 3 
3°1-3-5 1 

94 


Heidsieck measured this distance in 98 cadavers to an accuracy of 0-5 cm. 
and found the maximum distance was 3 cm., minimum 0-5 cm. and the mean 
1-4.cm. with o 0-47. Gray gives the distance as “about 1 cm.” and Piersol as 
about 1-5 cm.” Von Bardeleben gives it as generally “1 to 2 cm.” and Poirier 
and Charpy as ‘‘2 cm. in the adult but greater absolutely and relatively in the 
foetus and child.” Testut gives it as “1-5 cm.” on p. 217 and as ‘‘2-0 cm. but 
variable” on p. 822. 
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Superior mesenteric to inferior mesenteric arteries 
The distance between the origins of the superior mesenteric artery and the 
inferior mesenteric artery was measured in 95 cadavers. The maximum distance 
was 10-3 cm., minimum 4-2 cm. and the mean 7:1 cm. with o 1-21. The distri- 
bution by groups is as follows: 


Distance in cm. No. of cases 
3 
10 
34 
27 
16 
2 
3 


95 


Heidsieck measured this distance in 98 cadavers to an accuracy of 0-5 cm. 
and found the maximum distance was 10 cm., minimum 5 cm. and the mean 
7-5 cm. with o 1-08. Von Bardeleben gives this distance as “about 5 to 7 cm.” 


Inferior mesenteric artery to aortic bifurcation 
The distance between the origin of the inferior mesenteric artery and the 
bifurcation of the abdominal aorta was measured in 92 cadavers. The maximum 
distance was 8-2 cm., minimum 2-7 cm. and the mean 4-6 cm. with o 1-02. The 
distribution by groups is as follows: 


Distance in cm. No. of cases 


Heidsieck measured this distance in 96 cadavers to an accuracy of 0-5 cm. 
and found the maximum distance was 7 cm., minimum 1 cm. and the mean 
4-2 cm. with o 0-93. Poirier and Charpy and also Testut give this distance as 
“4 or 5 cm.,” but both Piersol and Gray give it as “about 3 or 4m.” Accord- 
ing to Corsy, as quoted on p. 385 of Testut, the most frequent variations in this 
distance are as follows: 

3 cm. coe oes eee sae 66 cases 
6 ,, and more 2 
120 


As these frequencies of Corsy do not form a normal curve, it is difficult to believe 
that his data are accurate. 

Quain measured the space between the origin of the inferior mesenteric 
artery and the bifurcation of the aorta in 80 cadavers and groups the distances 
as follows: 
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Less than 1 in. (2:5cm.) ... 5 cases 
More than 1 in., not exceeding 14 (2-5-3-7 cm.) 
More than 1} in., not exceeding 2 (3-7—5-0 cm.) ae | 
More than 2 in., not exceeding 2} (5-0-6-2 cm.) ee ins 


The mean of Quain’s series at 1-3 in. or 3-2 cm. is about the same as the 
figure given by Gray and Piersol and considerably less than our mean of 4-6 cm, 

With reference to his measurements, Quain states: “The greater intervals 
placed at the lower part of this summary—those, namely, in which the space 
of two inches and upwards intervened between the origin of the inferior 
mesenteric and the end of the aorta—coincides, for the most part, with the low 
division of the aorta, referred to in the observations on the great artery.” 


Length of the abdominal aorta 
The length of the abdominal aorta was measured in 81 cadavers. This 
measurement was not taken directly from the subjects but was computed as the 
sum of the distances between the four selected points from the origin of the 
coeliac artery to the bifurcation. The maximum length was 16-6 cm., minimum 
9-5 cm. and the mean 13-2 cm. with o 1-39. The distribution by groups is as 


follows: Distance in cm. No. of cases 

9-0- 9-9 1 
10-0-10-9 2 
11-0-11-9 ll 
12-0-12-9 18 
13-0-13-9 26 
14-:0-14-9 13 
15-0-15-9 8 


16-0-16-9 


Heidsieck measured this distance directly from the origin of the coeliac 
artery to the bifurcation of the abdominal aorta in 86 cadavers to an accuracy 
of 0-5 em. and found the maximum length was 16-5 cm., minimum 10 cm. and 
the mean 18-2 cm. with o 1-40. It will be noted that the mean of our series is 
identical with the mean of Heidsieck’s series and that a is a close approximation. 


AGE CHANGES IN THE VERTEBRAL LEVELS 

Ssoson-Jaroschewitsch, working with European Russian cadavers, de- 
monstrated that the vertebral level of the bifurcation of the abdominal aorta 
tends to sink distally as age increases. He examined 122 cadavers and found 


the vertebral level of the bifurcation by age groups to be as follows: 
Class 


No. of interval 

Age group cases Location of mean (Table I) 
Embryos and new born 18 Upper edge of lumbar IV 17-5 
Under 25 years ee 33 Middle third of lumbar IV 18-8 
25 to 50 years aes 56 Lower third of lumbar IV 19-8 


Over 50 years 15 20:3 
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This distal recession, he observes, is not peculiar to the bifurcation of the 
abdominal aorta but is shared by the abdominal viscera. generally. 

We desired to test this suggestion of Ssoson-Jaroschewitsch but our series 
included no foetuses and too few young subjects to use his age groups, so we 
grouped our cases into two larger age groups, divided at the age of 59 years, and 
worked out the mean vertebral levels of origin as shown in Table VI. 


Table VI. Mean vertebral levels of origin by age groups of the unpaired visceral 
branches of the abdominal aorta and of the site of bifurcation of the abdominal 
aorta. 

Age group 


“ Under 60 years 60 years and more 


No. of Location No. of Location 

Point of origin cases of mean cases of mean* 
Coeliac artery 38 
Superior mesenteric artery 40 
Inferior mesenteric artery 48 
Bifurcation of the abdominal 47 

aorta 


* L.e. location of mean vertebral level of origin by class intervals as in Table I. 


In Table VI it will be noted that the mean vertebral level of each of the 
four points of origin is higher in the group of subjects under 60 years of age 
than in the older group. The differences between the two groups, in terms of 
class intervals, are: 


Coeliac artery 0-6 class interval 
Superior mesenteric artery 0-6 
Inferior mesenteric artery 0-8 
Bifurcation of the abdominal aorta mo 0-3 <i 


Each class interval, as shown in Table I, represents one-third of the height 
of a vertebra or one intervertebral disc. Therefore, 0-1 of a class interval equals 
1/30 of the height of a vertebra. If we transfer our thought from class intervals 
to the vertebral heights they represent, we see that in the older group of subjects 
of 60 years or more, the locations shift distally approximately as follows: 


1/5 of a vertebra for the origin of the coeliac artery; 

1/5 of a vertebra for the origin of superior mesenteric artery; 

1/4 of a vertebra for the origin of inferior mesenteric artery; and 
1/10 for the bifurcation of the abdominal aorta. 


This distal shift in the locations of the four points on the aorta, whilst 
perhaps not very significant, does tend to confirm the observations of Ssoson- 
Jaroschewitsch on the age change in the location of the bifurcation of the 
abdominal aorta. 
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SUMMARY 

A study of the abdominal aorta in 120 adult white cadavers in Canada 
reveals: 

(1) The mean location of the origin of the coeliac artery is opposite the 
upper edge of the first lumbar vertebra, of the superior mesenteric artery 
opposite the lower two-thirds of the first lumbar vertebra, of the inferior 
mesenteric artery opposite the middle of the third lumbar vertebra and of the 
bifurcation of the abdominal aorta opposite the lower third of the fourth 
lumbar vertebra (fig. 2). 

Lumbar Abdominal 


vertebrae aorta 


— Coeliac artery 
1-6 cm. 


— Superior mesenteric artery 


Inferior mesenteric artery 


4°6 cm. 


« Bifurcation of aorta 


Fig. 2. Locations of the unpaired visceral branches of the abdominal aorta 
and of the bifurcation of the aorta taken from the means of our series. 


(2) A deviation of the height of a vertebra from these means includes nearly 
all the cases. 
(3) Series from other white races show much the same locations as our 
Canadian series. 
(4) Locations given in several standard text-books, but not supported ¥ 
a series of observations, are often unreliable. 
(5) The diaphragm sometimes (8/88) overlaps the origin of the coeliac artery 
but more frequently the two are separated (16/38) or in contact (14/38). 
(6) The mean distances between certain points on the abdominal aorta are: 
Coeliac artery to superior mesenteric artery, 1-6 cm.; 
Superior mesenteric to inferior mesenteric artery, 7-1 cm.; 
Inferior mesenteric artery to aortic bifurcation, 4-6 cm.; 
Coeliac artery to aortic bifurcation, 13-2 cm. (fig. 2). 
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(7) As age advances, there is a slight distal recession in the foregoing 
locations. 


To Prof. J. C. Boileau Grant the author extends his sincere thanks for 
helpful advice and supervision in the preparation of this report. 
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APPENDIX 


The observations on the five female subjects in our series are as follows: 


Sub. Sub. 
13 
Age in years 
Vertebral level of origin of: 
Coeliac artery 


mesenteric artery 

erior mesenteric artery 
Aortic bifurcation 

Distance in cm. between: 
Coeliac and superior mesenteric 
Superior and inferior mesenteric 
Inferior mesenteric and bifurcation 
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33 40 73 
24 17 50 
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THE HAIR TRACTS OF THE AUSTRALIAN 
ABORIGINAL 


By J. H. GRAY, M.B., B.S. (ADEL.) 
Demonstrator in Anatomy, University of Adelaide 


‘Tue following paper records the results of some investigations carried out 
by the author, who was anthropometrist for the Adelaide University and 
South Australian Museum anthropological expeditions to Central Australia 
- during the years 1980, 1981, 1982, and 1933. It is claimed from the results 
that the arrangements of the hair tracts of the aboriginals of Australia are 
highly characteristic of the race, and constitute a striking departure from the 
hitherto accepted normal human hair pattern. 

The expeditions, which were financed by grants from the Rockefeller 
Foundation administered through the Australian National Research Council, 
were held during the months of August-September in each of the years 
mentioned above. 

Without exception the subjects examined were pure-blooded aboriginals, 
almost all of whom were still living their primitive nomadic hunting life, 
uncontaminated by the European’s customs or clothes. 

The field from which the subjects were collected represents the very central 
area of Australia, and can be approximately outlined as lying in a circle of 
about 400 miles radius with its centre at Alice Springs. The position of the 
expedition depots is shown on the map given by Cleland (1). 

The subjects were chosen at random as far as concerns hair-tract varieties, 
there being no selection except for the 1930 group (Ser. Nos. 1, 2, 3, 4). Three 
of these were selected for the presence of a dorsal whorl, and one for another 
peculiar dorsal variation. Allowance for these cases has been made in analysing 
the findings. 

In regard to the suitability of the subjects for hair-tract examination, it is 
agreed that examination of foetal material especially of length 15-20 cm. from 
vertex to coccyx (Bolk (2)) is the ideal, but such material is unavailable in the 
case of the Australian aboriginal (Wood Jones (3)). Also much of the literature 
on human hair tracts deals with postnatal material, and the statement of 
W. Kidd made in 1908 is still accepted, that “In the case of Man it is conceded 
that most, if not all, of the directions of slope found in the foetus are also 
found to continue through life, with very little modification here and there 
from secondary causes” (4). In the author’s investigations two controlling 
factors go still further towards minimising the disadvantages of examining 
postnatal material. Firstly, none of the subjects examined had ever worn 
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clothes of any description, and secondly with a few exceptions only young 
children were examined. It may be remarked here that adults were largely 
excluded not so much because of secondary modifications of the hair slope 
(for which there was little evidence), but chiefly because of the extreme 
shortness of hair over many regions of the body, making exact delimitation 
of tracts difficult and often impossible. A downy growth of relatively long hair 
was almost universal in the children (see fig. 1), so that the arrangement of 
tracts could in most cases be readily and precisely determined. 


Fig. 1. Photograph of the back of No. 53. Note the longish hair, the dorsal 
reversal and the anti-clockwise dorsal spiral. 


SUMMARY OF RESULTS 


On the field the results were recorded on charts, and I wish to acknowledge 
the very practical help provided by Prof. Wood Jones of Melbourne, and 
Dr T. D. Campbell of Adelaide, who devised the very useful chart employed 
throughout the investigation—a folded sheet containing two full-figure outlines 
(anterior and posterior) on one leaf, and three head figures (full face, profile, 
and crown view) on the other leaf, with ample space for marginal notes, 
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general remarks, and identification data. Printed copies of such charts were 
obtained, and are to be recommended both for field and laboratory work. 

In all, 88 subjects were examined. The exigencies of field work make the 
charting slow and difficult, and any one who has endeavoured to investigate 
the physical features of living natives will fully agree with the remarks of 
L. T. Ride (5) in explanation of such findings as “indefinite” or “indeterminate” 
for any particular region of the body. 

‘Although for the above reasons the numbers are not large, and the findings 
not always definite, it will transpire that the results are sufficiently uniform 
and with variations in proportions statistically significant for one to conclude 
that these findings give a fairly representative picture of the hair pattern of 
at least the Central Australian aboriginal. Careful search of the literature 
leads one to the realisation that there is as yet no well-founded evidence 
against the view that the aboriginal race is homogeneous physically. Hence 
the account here given of the hair pattern probably holds good for the whole race. 

During the investigations it became evident that only the tracts on certain 
regions required special description, those, namely, where most subjects 
showed a certain departure from what is regarded as the normal human 
pattern, and also those where individual variations were frequent. 

Hence in the appended table of results the findings are grouped under nine 
headings for each subject, the headings being named, sometimes according to 
a particular region of the body, and sometimes according to the presence of 
a particular type of hair pattern. 

The areas thus described are: 

The posterior neck region. 

The dorsal aspect of the trunk—the hair tracts being described according 
to the presence of a reversal of normal direction, and the presence of a spiral. 

The posterior thigh region. 

The crown of the head and the anterior portion of the scalp—the occipital 
whorl and the head parting line being described here. 

The frontal region. 

The ears. 

The area just below the angle of the jaw on each side—described under 
the heading of “‘jaw whorls.” 

I have taken the normal human hair pattern to be that figured by such 
authorities as W. Kidd (loc. cit. figs. 28, 24, 25, 26, 28) and Wood Jones ((6), 
figs. 187, 188, 189, 140, 141), and any departures from this normal that are 
not described under the nine headings of the table of results were either 
present in all cases examined, or in a very few cases. Hence their description 
is omitted from the table and placed at the end of the summary of the findings. 


Hair tracts on the posterior neck region 


Number of subjects observed oe 85 
Converging pattern present in... 76 (=89%) 
Diverging pattern present ... eve 8 (=9%) 
Non-descript patternin ... (=1%) 
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Of the 76 cases with converging pattern the great majority were sym- 
metrical, only five (=7 per cent.) being asymmetrical. 

The symmetrical converging pattern is of two types: 

A. That showing ascending tracts above and descending tracts below (see 
fig. 2), as in 41 of the 85 subjects (=48 per cent.). In these instances the 
ascending tracts usually consisted of fine short hair streaming upwards and 
medially to meet the mass of descending coarse scalp hair which, being un- 
trimmed, showed a deep wave concave superiorly overlying the termination of 
the ascending tracts. A sharp line of demarcation was thus formed between 
the scalp hair and the neck hair, the two contrasting in character and slope. 

B. That showing only descending converging tracts, as in 30 of the 85 
subjects (=35 per cent.). This is the normal for Man. 

Of the five asymmetrical converging patterns three belong to group A— 
Nos. 7, 12, and 81 (see table of results), and two belong to group B—Nos. 24, 32. 
Hence the relative incidence of these asymmetrical types is approximately 
proportional to the relative frequency of the two symmetrical types of which 
they are variants. Of the eight cases with diverging pattern no less than three 
(=88 per cent.) were asymmetrical (Nos. 3, 21, 26). 

The form of asymmetry of both converging and diverging patterns can be 
summarily described as consisting either of a deviation of the axial line to 
one or other side of the median, or the replacement of one ascending by a 
descending tract. 

This leaves only one asymmetrical pattern of non-descript character 
(No. 11) which is a freak defying obvious classification. 

Finally, it is apparent that, although the complete normal converging 
descending pattern only occurs in one-third of the aboriginals, a converging 
pattern is the rule, and the two symmetrical forms of it are very stable. 
A diverging pattern is exceptional, and when it occurs it is very often 
asymmetrical. 


The dorsal region of the trunk 


On the posterior aspect of the trunk two striking variations were commonly 
found. One was a reversal of slope from the normal cranio-caudal direction, 
and the other was the presence of a centripetal spiral or whorl in or near the 
mid-line, and lying at the upper limit of a reversal when this was present in 
the same individual (see fig. 2). 


The dorsal reversal 


Number of subjects observed ... a 88 

Reversals 38 (=43% of total observed subjects) 

Reversals bilaterally symmetrical... 31 (=35% of total observed subjects; =82% of 
cases with reversal) ; 

Reversals asymmetrical we ave 7 (=8% of total observed subjects) 

Reversal present, but whorl absent... 1 (Ser. No. 88; =1% of total observed subjects) 

Reversal absent, but whorl present... 1 (Ser. No. 4; =1% of total observed subjects) 
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Figs. 2-4. Hair tracts of Ser. No. 13. 
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The extent of the dorsal reversal varied somewhat as can be seen from the 


following figures: 
Whole dorsal (from level of D 3 spine to D 12 spine) ... 5 (=13% of cases with reversal) 
*Lower dorsal (from level of D 4 spine to D 12 spine) ... 21 (=55% of cases with reversal) 
Very small lower dorsal area... ae a .. 6 (=16% of cases with reversal) 
6 (=16% of cases with reversal) 


Lowermost dorsal plus lumbar area 
* Ser. No. 38 included here, but vide infra. 


Hence in over 50 per cent. of cases with reversal the whole of the lower 
half of the dorsal field was affected, and in the majority of the remainder the 
reversal involved the lowermost part of the dorsal field and often the lumbar 


field as well. 


Whe 
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Figs. 5, 6. Hair tracts of Ser. No. 13. 


Concerning the examples of asymmetrical dorsal reversal it will be noted 
that in five of the seven cases the right side only was reversed; in one (Ser. 
No. 87) the right side was reversed to a more acute angle than the left, although 
the area affected was symmetrical on the two sides; in one (Ser. No. 77) the 
left side was more extensively affected than the right, but in no case was the 
left side the only one involved. Ser. No. 88 is of interest in that here the whole 
right dorsal field was reversed while the whole left field retained the normal 
cranio-caudal slope. 

A very peculiar asymmetry of the dorsal region was found in three cases 
(Ser. Nos. 3, 26, 65), and the available literature does not record it for any 
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race. This was a swing to the left of the mid-line of the line of convergence 
for the dorsal tracts without any true reversal and without dorsal spiral. The 
maximum deviation occurred at about the mid-dorsal level where the line 
varied from } in. in one case to 8 in. in another from the median (see fig. 8), 

The close association of dorsal reversal with dorsal spiral is of major 
significance, and it is to be noted that the dorsal spiral whenever present lies 
at the upper limit of the dorsal reversal. Wherever the dorsal reversal is slight 
in extent, the accompanying spiral is at a low dorsal level except in one case— 
Ser. No. 38, in which a true reversal was present only in the mid-dorsal region 
and a high spiral was present. 

A number of cases showed a high spiral with only unilateral dorsal reversal. 


The dorsal spiral 


The dorsal spiral is always centripetal and generally at or near the mid-line. 
It varies much in size. 
Number of subjects observed 88 
Dorsal spiral present 38 (=43%) 
Spiral anti-clockwise 32 (=84% those with spiral) 
1 7) 
1 


Spiral noted as large (Ser. No. 1 


Spiral noted as small (Ser. No. 5) 


Position of the dorsal spiral: 


r dorsal (D 1-4) hie ies 9 (=24% of cases with spiral) 
-dorsal-(D 4-8) 20 (=52% of cases with spiral) 
Lower dorsal (D 8-12) __... ae 9 (=24% of cases with spiral) 

These figures show that 48 per cent. of the 88 cases had a dorsal spiral, 
and in 84 per cent. of these the spiral was anti-clockwise. If three of the 1930 
group be omitted (Ser. Nos. 1, 2, 4), as these were selected for the presence 
of a dorsal spiral, the figures are: Dorsal aia present in 35 cases out of 
85 =41 per cent. 

The sacral spiral 


This was rare. Only three were found in 88 subjects observed—Ser. 
Nos. 52, 56, 86. 
Two were accompanied by a dorsal spiral, and one was without dorsal 
spiral. 
All three were anti-clockwise. The situation was lower sacral and coccygeal 
in each case. 
Analysis of tracts on the posterior thigh 


On the posterior aspect of the thigh two chief differences from the normal 
human pattern were noted. One of these—a reversal of slope in the upper half 
of the thigh so that the tracts in this region sloped upwards and medially 
towards the coccyx—was present in every case. The available literature does 
not describe this feature in the human hair pattern. A typical example of it 
is shown in fig. 2. At the lower limit of this reversal there was usually a definite 
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nee transverse parting line, the streams below it running downwards over the back 
the of the knee and calf. 

ine When the second variation was present—a centrifugal whorl at the lower 
3) limit of the reversal—the parting line just mentioned was indefinite (see fig. 8). 
7” Number of subjects observed... 86 

lies Reversal of upper field ... ... 86 (=100%) 

tht Centrifugal whor! present ... eee 9 (=10% of observed subjects) 

= Whorl on both thighs... fre 8 
on Whorl on right thigh only 1 (Ser. No. 22) 
sal, 

ne, 
al, 
30 
1ce 
of 
er. 
sal 
“a Fig. 7. Photograph showing a clockwise dorsal spiral in an aboriginal girl aged about 12 years. 
Direction of the whorl: 
Anti-clockwise on right, clockwise on left... 7 

nal Clockwise on right, anti-clockwise on left... 1 (Ser. No. 38) 
alf Clockwise on right (unilateral) ee 1 (Ser. No. 22) 
lly Level of the whorl: 
0€s 
At mid-thigh level 6 

. At lower thigh level... 2 (Ser. Nos. 3, 70) 


‘ite At upper thigh level... 1 (Ser. No. 54) 
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Extent of the posterior thigh reversal: 


Upper quarter 
Upper third 

Upper half 
Upper two-thirds 
Upper three-quarters 


J. H. Gray 


17 (=20%) 

47 (=55%) 

17 (=20%) 
3 (=3%) 
2 (=2%) 


The occipital whorl 


Great difficulty was encountered in noting the characters of the scalp hair 
tracts, so that although 80 subjects were observed definite findings were only 
obtained for half of them in the case of the occipital whorl. The head parting 
line was clearer, so that 70 definite observations of this were obtained. 
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Fig. 9. Ser. No. 9. Asymmetrical ascending 
facial streams on forehead. 


Fig. 8. Hair tracts on the back 
of Ser. No. 3. 


Direction of occipital centrifugal whorls: 


Number of definite observations ... 
Whorl clockwise... 
Whorl anti-clockwise 
Double crown: 
Ser. No. 17: left clockwise, right anti-clockwise 
Ser. No. 33: left clockwise, right clockwise — 
Ser. No. 80: left anti-clockwise, right clockwise 
Ser. No. 85: left anti-clockwise, right clockwise 


41 
25 (=61%) 
12 (=29%) 


4 (=10%) 
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Position of occipital whorls: 
Number of definite observations au 59 
Whorl on right ... 36 (=61%) 
Whorl mid-line ... 10 (=17%) 
Whorl on left... 9° (=15%) 
Double crown at mid-line 4 


The head parting line 
Number of definite observations... 70 
Parting line on the left con oe =94%) 
Parting line on the right ade eae 4 (=6%) 
Parting line in mid-line 


For further remarks on these results see the section headed “ Discussion.” 


Ascending facial streams on forehead 


Frontal variations such as were found by Bolk(2) in Dutch and Javanese 
subjects were found in several cases. Commonly, however, the bregmatic 
stream proceeded uninterrupted down to the level of the eyebrows (see fig. 4), 
a pattern that most authors would seem to regard as the normal. The chief 
variation consists of the presence on the forehead of ascending streams from 
the face. These may be symmetrical (see fig. 9), or asymmetrical and with or 
without one or more accompanying whorls just as was described in Bolk’s 
subjects (2): 

Number of subjects observed ai eee 83 
Ascending facial streams absent... 77 (=93%) 
Ascending facial streams present ... 6. 
Ascending facial streams symmetrical _.... + 
Ascending facial streams asymmetrical... 2 

Of the two asymmetrical patterns one (Ser. No. 9) consisted of a deviation 
of the parting line to the right above, and in the other (Ser. No. 16) a clockwise 
centripetal whorl was present above the left eyebrow. 

The normal pattern (93 per cent.) was generally somewhat asymmetrical— 
the descending streams being parted by a line beginning above on the left at 
the anterior limit of the head parting line, and running obliquely downwards 
and medially to the mid-line just above the nose. But of the four subjects 
with head parting line on the right the frontal parting line was on the right 
above in one case (Ser. No. 25), in the mid-line throughout in one case (Ser. 
No. 51), and on the left above in two cases (Ser. Nos. 32, 57). 

In one case (Ser. No. 76) three frontal whorls were present without any 
ascending facial streams on the forehead (see table of results). 

Thus we may summarise that facial tracts ascending on to the forehead 
are uncommon—occurring in only 7 per cent. of aboriginals. Most of those 
that do occur are symmetrical, consisting of two streams that diverge from 
amid-line parting as they ascend, and then sweep laterally to mingle with the 
laterally directed anterior extremities of the bregmatic streams. When present 
and symmetrical these ascending tracts reached up to or just below the crinion 
line in each case. 
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Tracts covering the ears 


j Several subjects showed an interesting variation in the hair tracts covering 
the external aspect of the pinna. The normal slope is shown in fig. 5. 

On the medial aspect of the ear the slope was always downwards and 
forwards towards the line of attachment of the pinna. 

Many authors do not show this arrangement in their figures, but its 
universal presence in the aboriginals, and in all Europeans that I have 
examined when opportunity presented, leads me to the belief that it is 
probably the normal human disposition. 


Number of subjects observed a aye 82 

Number of subjects definite finding 81 

Ear free from whorls .. 76 (=94%) 


Of the subjects with whorls three were single on each ear, and two were 
double on each ear. 
Single whorls: 


Ser. No. 9 Present on lobe: left clockwise, right anti-clockwise 
Ser. No. 11 Present on tragus: left anti-clockwise, right clockwise 
Ser. No. 17 Present on tragus: left anti-clockwise, right clockwise 


Double whorls: 


Ser. No. 16 Above tragus: left anti-clockwise, right clockwise 
On tragus: left clockwise, right anti-clockwise 

Ser. No. 21 Above tragus: left anti-clockwise, right clockwise 
On tragus: left clockwise, right anti-clockwise 


These whorls were all centripetal, and lay approximately on the line of 
attachment of the pinna to the side of the face (see fig. 10). 


The jaw whorls 
Under this heading is to be considered a fairly frequently occurring 
: variation—a centripetal vortex at the lateral extremities of the transverse 
: line of meeting of the sternogular reversed tract from the front of the thorax 
= and the descending facial stream from above (see fig. 10). When present this 
whorl generally lies just below the angle of the jaw. It is fairly often to be 


seen in Europeans, although it should be noted that a complete vortex here 
is less common than an incomplete one in which a C-shaped conformation of 
tracts results. Sometimes the whorl lies a little more posteriorly than the 
angle of the jaw, and can be seen an inch or so below and behind the lobe of 
the ear. The descending posterior streams from the occiput also usually con- 
tribute to its formation: 
Number of subjects with definite wilspuecad 

Whorl bilateral ace 22 (=27% of subjects with definite findings; 

=81% of subjects with whorl) 

Whorl on left side only 

Whorl on right side only ; i 
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In the bilateral cases the whorls were anti-clockwise on the left and 
clockwise on the right in 19 cases, and vice versa in only three cases. When 
only present on one side (the left) the whorl was always anti-clockwise. 


Remaining variations 
_ There remain for description two further areas of the body where variations 
from the normal are met with occasionally. One of these is the lateral aspect 
of the neck, and the other the anterior abdominal wall. 
Lateral neck region. Three strikingly different patterns were occasionally 
seen here as variants of the normal: 


A. Adjacent parallel streams running in opposing directions. In two 
subjects (Ser. Nos. 5, 21) this extraordinary feature was seen. The tracts 


Fig. 10. Ser. No. 16. Two ear whorls and a jaw whorl. 


concerned were the lateral part of the descending occipital stream and the 
ascending sternogular (see fig. 11, 4). In both cases jaw whorls were present 
on each side, and this unusual phenomenon occurred behind the jaw whorls. 
One gained the impression while examining these two cases that the upper 
lateral corner of the sternogular stream was exceeding its posterior limit and 
projecting itself into the occipital tracts. 

B. Descending feathering with a crest below. W. Kidd (4) was the first to 
describe fully the association of centrifugal vortex, feathering and crest, which 
occurs so extensively in the hair tracts of all the Mammals. But generally 
only distorted examples of it are to be seen in Man. Thus the axilla, lateral 
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trunk parting line and inguinal crest constitute an example of this association 
in Man, though at first glance the fact may not be obvious. In five subjects 
a feathering ran down the side of the neck and ended with a crest below 
(Ser. Nos. 84, 40, 41, 52, 55). To complete the homology of the tripartite 
system one must go up to the occipital vortex to find the third associate of 
the group—perhaps a far-fetched analogy. Mild degrees of this feathering 
were present in most of the subjects (see fig. 11, 7, Ser. No. 10, ete.), but in 
the five here mentioned it was a striking feature, and the terminal crest was 
very obvious. It may be described in another way by saying that the parting 
(feathering) is caused by a postauricular group of occipital tracts separating 
anteriorly from the more medial occipital tracts. 

C. Centrifugal spiral at junction of lower and middle thirds of anterior 
border of trapezius. This was the last of the complicating features of this 
complex region. In the section headed “Discussion” an attempt to simplify 
the tangled mass of patterns of this region will be made. As many as seven 
subjects (Ser. Nos. 18, 36, 41, 42, 58, 61, 71) showed this last variation. In 
some a definite ascending feathering rose from the whorl, in others only vague 
distorted traces of feathering were found (see fig. 11, 8 and 9). 

The findings may be summarised thus: 

Ser. No. 13—whorl anti-clockwise on the left, clockwise on right. The 
remaining six, vice versa. 

In No. 41 the whorl was anterior to the descending neck feathering which 
this subject also showed. 

It is to be noted that all of these cases with lateral neck variations occurred 
with any one or other of the chief types of tract of the posterior neck region, 
and they did not seem to be particularly associated with either the presence 
or absence of jaw whorls, For further analysis of the lateral neck region see 
“Discussion.” 

Ascending feathering in place of the lateral abdominal parting line. Normally 
the tracts descend from the axillo-inguinal parting divergence line. But in 
three subjects (Ser. Nos. 25, 38, 51) there was an ascending feathering be- 
ginning from a centrifugal whorl below in the inguinal fold, and ending in a 
crest above in the infra-axillary region, where it met the tracts descending 
from the axillary centre. 

This reversal of the abdominal feathering was not strictly analogous to 
the ascending neck feathering, for the latter was placed in front and alongside 
of the more normal descending feathering. In the abdominal region the 
ascending feathering replaced the lower part of the normal descending 
feathering, thus representing a true reversal. The feature was a rare one as 
it only occurred in three cases out of 84 examined. 

To conclude the summary of findings we have to consider briefly the 
remaining areas of the body not yet described. 

On the face the region near the inner canthus of the eye was always a 
centre for centrifugal streams as is usually depicted for Man (see fig. 4), and 
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the same applies to the rhinal reversal which was present in all cases (see Wood 
Jones (6)). The sternogular or pectoral reversal was always present, and began 
at the level of the sternal angle. It terminated at a horizontal transverse crest 
stretching across the front of the neck at or above the middle of the neck. 
Variations at its upper lateral extremities have been described above. It is 
to be noted that in no case could centripetal whorls be found at the lower end 
of this ascending pectoral tract, though they are common in Europeans. 

Variations in the axillo-inguinal parting lines are described above. The 
deltoid convergence line characteristic of Man was also always present, as 
were the ulnar reversal with elbow convergence and the ulnar divergence point 
a short distance above the level of the styloid process (see Wood Jones (6)). 

Tracts on the hands and the lower legs and feet did not differ materially 
from the normal. 

DISCUSSION 

Several points emerge for discussion from the mass of data described. 
Firstly, one is amazed at the frequency of occurrence of a number of types of 
hair tract usually regarded as very rare in Man. Although many of the older 
accounts of human hair tracts are not accessible to the author (such as those 
of Voigt and Schwalbe), it is obvious from the writings of modern authors 
that the hair patterns concerned have either not been described at all, e.g. 
posterior thigh reversal and jaw whorl, or else have only been recorded once 
or twice before, e.g. dorsal reversal and dorsal whorl (see Wood Jones(7)). 
Before concluding that the aboriginal is unique in these features one must 
make a proviso necessitated by the absence of published thorough surveys of 
the hair tracts of other races pure or mixed. However, since the present study 
concerns a pure race examined under conditions approaching as near as 
possible to the ideal of using only foetal material, one can definitely say that 
so far as is known at present the hair pattern is characteristic for the aboriginal, 
and differentiates him clearly from other races of Man. 

The second deduction the author would make from the data is the thesis 
that centripetal whorls (called ‘“‘tufts” by Kidd (4), and regarded by him as 
rare in Mammalia generally, and of trivial significance) are secondary pheno- 
mena produced by the meeting of two or more streams obliquely. Before 
considering the evidence for this view it may be noted in passing that centri- 
petal whorls were rarely described in the human hair tracts by the earlier 
authors and the textbooks which mention the subject of hair slope, e.g. Kidd (4), 
Wiederscheim (8), Poirier (9). But more recent investigators with presumably 
more careful and more extensive examinations are recording them in increasing 
numbers, e.g. Bolk (2), Wood Jones (7), L. T. Ride 5), ete., and the present study 
adds several more to the list of human centripetal whorls. To return to the 
thesis regarding these whorls the evidence in its favour consists of: 

(1) The fact that no centripetal vortex is ever found without the presence 
of the conditions mentioned above as its probable cause. For instance, a 
centripetal whorl (no matter how large or small) is never found planted in 
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the middle of a single tract consisting of hair all of one particular slope apart 
from that of the whorl itself. Even in the case of the little vortices found 
occasionally on the ears these occurred at the meeting of anteriorly directed 
tracts from the anterior wall of the auditory meatus with descending facial tracts, 

(2) The following series of diagrams showing the disposition of tracts on 


10 


Fig. 11. Diagrams showing dispositions of tracts on the left lateral neck region (anterior to the 
left, posterior to the right-hand side of drawings) of some selected cases. 


the upper lateral region of the neck in a series of selected cases shows some- 
thing of the diversity of pattern that results when three tracts meet with 
obliquity, and the frequency with which a centripetal whorl (here the jaw 
whorl) occurs under such conditions. The three tracts here concerned are the 
descending lateral facial stream, the lateral occipital stream, and the sterno- 


gular (see fig. 11). 
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(3) If the thesis be correct then the direction of the vortex (clockwise or 
anti-clockwise) will be determined by the nature of the obliquity with which 
the tracts meet. For example, take the jaw whorl again. Here the three 
streams may be represented as in fig. 12. 

Actually the whorl produced usually consists chiefly of a deflection of (b) 
with (a) and (c) entering into it to a lesser extent. Since (a) has a lateral as well 
as upwards sweep one will anticipate from the hypothesis here given that (b) 
will be changed to an anti-clockwise whorl, and the finding of 19 subjects 
showing this picture while only three showed a clockwise spiral on the left 
is in accord with the hypothesis. If (a) were directed medially and upwards, 


Fig. 12. Diagram of the components entering into the jaw whorl. 


or if (b) sloped forwards instead of backwards, then one would expect a 
clockwise spiral on the left. Actual examination of the cases showed that the 
second of these two alternatives was present in the three exceptional cases of 
left clockwise jaw whorl. 

Again, in seeking for the cause underlying the fact that the vast majority 
of dorsal spirals were anti-clockwise, one notices the fact that when the 
reversal was unilateral it was the right side that was affected. These two facts 
are easily explained in part by the hypothesis (see fig. 13). 

Hence the author would conclude that these adventitious centripetal 
whorls in Man are analogous to force patterns, and are produced in the hair 
slope by the oblique union of streams one or more of which have generally 
been reversed in direction. 
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The third main topic for discussion concerns the cause of the reversal of 
direction of tracts from the primitive mammalian type. This aspect of the 
subject is made more difficult and more important by the fact that an 
explanation has been sought hitherto only in terms of Lamarck’s theory 
of evolution. This view, namely, that the habits and environment of the 
animal left an impression on the hair tracts which in time has become inherited, 
so that a new pattern for the hair is present from foetal life onwards, found its 
first exponent in W. Kidd (4). In more recent times it has been supported by 
Wood Jones (10), mainly as a result of his studies of behaviour, toilet operations, 
etc., and body and limb conformation as correlated with hair pattern, par- 
ticularly in the Marsupials. The evidence 
thus accumulated is considerable, so that 
the findings of the present investigation will 
now be used to ascertain what further evi- 
dence germane to the thesis can be found. \ 

If habits are to be correlated with the . / 
physical features of any race of Man, one 
must know what habits and features are or all 


peculiar to the race concerned and what are big 
common to Man in general. Allowing for \ 
the incompleteness of knowledge on these \ 
matters one can only make tentative 
suggestions. Thus there are certain bodily 
habits that are strikingly common in all 
the pure-blooded aboriginals living their 
natural life which the author has observed 
(I estimate the number at something over 
600). 

Also there are certain types of hair 
pattern common or universal among the 
aboriginals, and what correlations are ten- 
tatively suggested here are between these two groups of phenomena: 

(1) In association with the dorsal reversal one may note the female’s 
habitual mode of carrying children—straddled across the left hip with the 
maternal left arm lying obliquely across the child’s back from its right side 
above to its left side below. The mother’s right hand is then free. Children 
are carried thus for miles day after day during the never-ending trek after 
food and water, and the method is used so universally by the women, and is 
adopted with so little training by even the adolescent girls, that one is forced 
to think that this method has been in use for countless generations. My 
suggestion is that the gravitational and other forces involved here have caused 
a reversal of the dorsal tracts (for an example of the effect of these forces see 
Kidd (11), who describes a man with chronic pleurisy who developed a strong 
dorsal reversal after being nursed in a propped-up position), and further that 


Fig. 13. Diagram to illustrate the 
effect of unilateral dorsal reversal. 
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the natural position of the maternal left arm around the child has possibly 
been the cause of the anti-clockwise direction of the dorsal spiral which results 
from the reversal. 

In regard to the comparative anatomy of the dorsal reversal and spiral it 
is of interest to note that, although a dorsal reversal is quite common in 
different groups of Mammals, it is absent with one exception from the Primates. 
This exception, the lemur (see Wood Jones (6)), also possesses a dorsal spiral, 
a feature which with Man it possesses distinct from all other Mammalia. For 
the dorsal centripetal spiral has not been recorded for any other animal. The 
coincidence is surely due to convergent evolution, and if one adopts the thesis 
of Kidd and Wood Jones one will not wonder at a disturbance of the pattern 
on the lemur’s back. Lemurs, in zoological gardens at least, are very often 
huddled together in close contact one behind the other, back to chest along 
the whole line, or else they have their tails curled close over their backs in 
the very region where the hair tract disturbance has occurred. 

(2) The squatting habits of the aboriginals, so well known to anyone who 
has seen much of these people (vide Cleland and Gray (12), fig. 2), is possibly 
to be correlated with the disturbances of pattern found on the posterior aspect 
of the thigh. 

There remain one or two small points for discussion. 

First, in regard to the direction of occipital whorls and the position of the 
head parting line, the present findings do not altogether substantiate the 
statement of L. T. Ride(5), that when the occipital whorl is clockwise the 
parting line is on the left and vice versa. Also his finding of a mid-line parting 
in the presence of a double crown, clockwise on the right and anti-clockwise on 
the left, was not confirmed by the present results. Unfortunately Ride’s paper 
on the dorsal whorl in natives of British North Borneo is not accessible to me, 
for obviously its bearing on the present results would be of considerable 
significance. 

Secondly, the curious belief brought to the notice of science by E.S. Mawe (13), 
that the sex of a child can be predicted by the pattern of the nuchal hair of the 
immediately preceding child born of the same parents, is not substantiated by 
these findings. The belief was that if the elder child possessed converging 
nuchal hair the next younger would be a female, and if diverging hair the 
next younger a male. If true there would be a great excess of females born 
among the aboriginals, which is of course not the case. Mawe’s fig. 3, however, 
is of some interest here in that it provides another example of the strange freak 
variation of hair pattern on the back of the neck in Ser. No. 11, where all the 
tracts swept downwards and to the left. 

Thirdly, in regard to the hair tracts in the foetus of the Australian 
aboriginal, the only records published so far as I am aware are a paper by 
Cleland and Hackett (14) and one by Wood Jones(3), the former recording an 
examination of a stillborn child and the latter of a 4 months’ foetus. In neither of 
these cases are the hair tracts described as departing in any way from the normal. 
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Finally, no study of inheritance of hair pattern has been made for the 
aboriginals for the simple reason that one can never feel quite certain who was 
the father of any child, and children called brothers and sisters may in any 
case be only half-brothers or sisters. 


CONCLUSION 


The hair pattern of the Central Australian aboriginal is described in detail, 
and its striking characters and variations analysed. 

The bearing of the findings on the theoretical questions associated with 
the phenomena of hair tracts is discussed, and suggestions relating to the 
causes of certain variations are put forward. 


In conclusion, I should like to thank Prof. Wood Jones for his kindly 
interest, encouragement and help. His writings provided the first stimulus 
for this investigation, and his practical help and advice were responsible for 
its further pursuit and completion. To Dr T. D. Campbell I am indebted for 
assistance with the charts used in the field as mentioned above, and for his 
kindly interest and encouragement. 


TABLES OF RESULTS 


Note. The direction of occipital whorls is read while examining the subjects 
from in front. The direction of whorls on the left side of the body is read while 
examining the subject’s left side and vice versa for the right. 

The ethnologist’s number is included so that the hair tracts can be corre- 
lated later with other data if appropriate. But in several cases the subjects 
here described were not numbered by the ethnologist. 

Where the age is not stated it is to be realised that all such cases were 
young children, and age estimations of the aboriginals are never more than 
guesswork. 

The sex is not stated in one or two cases. Such an omission is occasionally 
inevitable in the bustle of field work. 


Abbreviations used in heading for table 


s. Series Number 
E. Ethnologist’s Number 
Post. Neck Posterior Neck 
Dors. Revers. Dorsal Reversal 
Dors. Sp. Dorsal Spiral 


(2) 
(3) 
(4) 
(5) 
6 
(7 
(8 
(9 
(10 
(i 
(12 
(18 
“4 (14 
Post. Thigh Posterior Thigh 
Oce. W. Occipital Whorl 
; H. Ptg. Head Parting Line 
4 F. Region Frontal Region 
Jaw W. Jaw Whoris | 
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No. VI. A COMPARATIVE STUDY OF THE INTERTEMPORAL 
AND INTERANGULAR DIMENSIONS OF THE FRONTAL BONE 


By JOHN CAMERON 


Tus investigation is in three sections: 


I. The intertemporal width of the frontal bone in prehistoric and modern 
Man. 


II. The interangular width of the frontal bone in prehistoric and modern 
Man. 


III. Comparison between the intertemporal and interangular widths of 
the frontal bone in Man and the anthropoids. 


At the very outset of this paper it will be necessary for me to define what 
is meant by the two measurements referred to in the title. The intertemporal 
dimension has been so named by me, because it is measured between the 
temporal lines on the frontal bone. It is important to emphasise the fact 
that it is the minimum distance between these. It must therefore pass through 
the ophryon—the “‘eyebrow”’-point. The latter is defined by Duckworth! as 
“‘a point in the median plane, and at the level at which the temporal ridges 
(which converge immediately above the external angular processes) are most 
closely approximated.”’ From this viewpoint the intertemporal line determines 
the level of the ophryon. Keith?, who appears to have been one of the first 
to recognise the immense value of a study of this cranial dimension, terms it 
the “upper width of the forehead.” Morant*® has made an extensive study 
of the width of the frontal bone in British Prehistoric, Anglo-Saxon and 
seventeenth-century modern English crania, both male and female. His plan 
of measurement evidently accorded closely with that adopted by Keith and 
the writer (figs. 1-4). 

The interangular width of the frontal bone may be defined by the writer 
as the distance between the lateral aspects of the external angular processes. 
Keith* terms this dimension the “lower width of the forehead” and defines 
it as “taken between the outer ends of the ridge which crosses the forehead 
above the orbits—from the outer end of one external angular process to the 
outer end of the opposite process.” He then goes on to point out that the 
difference between the upper and lower widths of the forehead is of some value, 

1 Morphology and Anthropotogy. 2 Antiquity of Man. 
Biometrika, vol. 1926. 4 Op. cit. 
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for he shows that “in skulls of a primitive race the lower or supra-orbital 
width is much greater than the upper or true frontal width. As regards the 
frontal widths, the Coldrum (Neolithic) individuals show the same relative 
proportions as modern English people.” This statement stimulated the present 
writer to make a comparative study of these two cranial dimensions. He wishes 
to express his deep indebtedness to Sir Arthur Keith for granting him full 
use of the valuable facilities of the R.C.S. Museum during 1931 and 1932 for 


this purpose. 


I. THE INTERTEMPORAL WIDTH OF THE FRONTAL BONE IN 
PREHISTORIC AND MODERN MAN 

I decided to investigate this dimension in the palaeolithic type of skull. 
It was interesting to find that Pycraft! was very much impressed with the 
intertemporal width of the frontal bone in the Rhodesian skull (fig. 3). This 
observer made a comparison of its dimensions with that found in the skull 
of the gorilla, and was thereby enabled to state that “the distance between 
the ridges which mark the limit of attachment of the temporalis muscle is 
much greater, namely 103 mm.” I was privileged to make a measurement 
of this dimension in the Gibraltar skull, and found it to be approximately 
107 mm., which was thus slightly greater than that yielded by the Rhodesian 
skull. This conclusion was confirmed by an examination of other crania repre- 
sentative of Neanderthal Man. I was enabled to examine excellent casts of 
the Neanderthal, Spy No. 2 and La Chapelle crania in the R.C.S. Museum. 
These provided measurements of 108, 108-1 and 110. mm. respectively. That 
provided by the last-named specimen was thus quite noteworthy. 

Keith? regards the skull which was found at Langwith, Derbyshire, as 
belonging to the late palaeolithic period. In this relationship it was of interest 
to note that its intertemporal width, namely 95 mm., was markedly less than 
those yielded by the examples of early palaeolithic Man cited in the last 
paragraph. Indeed, as will be shown presently, this measurement accorded 
with that found in the modern type of skull. The Langwith skull was ad- 
mittedly small, and that fact would naturally have to be taken into account 
when comparing it with the relatively large crania of the Neanderthal type. 
Still, the evidence it yielded would have to be accorded some degree of 
significance, for it suggested the transition phase between the early palaeolithic 
and the modern type, so far as this cranial dimension was concerned. 

This cranial dimension was investigated by me in eleven male Anglo- 
Saxon crania in the R.C.S. Museum, and it was found that it displayed the 
usual wide ranges of variation. It varied from a maximum of 105 mm. to 
aminimum of 92-5 mm., with an average for the series of 98-9 mm. It was of 
interest to note that this accorded almost exactly with an average of 98-7 mm. 
given by Morant?® for English and Scottish Neolithic male crania, and, what 
was more significant still, with an average of 98 mm. for seventeenth-century 


1 Rhodesian Man. 2 Op. cit. 3 Op. cit. 
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English male crania from a plague pit at Whitechapel, London, It was clearly 
evident that this cranial dimension in the English type of male skull displayed 
a remarkable stability when studied from Neolithic through Anglo-Saxon to 
more modern times. I found the intertemporal dimensions of the famous 
Trent and Tilbury crania to be 99-5 and 102 mm. respectively. Both were thus 
within the range of variation for the modern type of English skull. 

I conducted an investigation also on the female Anglo-Saxon crania in the 
R.C.S. Museum, of which twenty were available. The maximum intertemporal 
dimension in these was 104 mm. and the minimum 89-2 mm. The average 
intertemporal width for this series was ascertained to be 95-5 mm. This was 
slightly higher than the average given by Morant! for English and Scottish 
Neolithic female crania, which was 94-2 mm., and an average of 93-1 mm. 
found in seventeenth-century Whitechapel English female crania. It was, how- 
ever, obvious that, just as in the case of the male crania, this cranial dimension 
exhibited on the average very slight differences in the English type of female 
skull from Neolithic to modern times. 

This investigation has so far provided us with the important information 
that the intertemporal dimension of the frontal bone was definitely greater 
in the Neanderthal type of skull than in the modern European type of skull, 
and that the transition stage, though it was only supported by evidence 
deduced from a single skull, must have taken place during the late palacolithic 
period. In any case it must have taken place prior to the Neolithic Age, since 
we have ascertained that the intertemporal dimension in the Neolithic skull 
was essentially modern. 


II. THE INTERANGULAR WIDTH OF THE FRONTAL BONE IN 
PREHISTORIC AND MODERN MAN 


As already mentioned, this corresponds to “the lower width of the fore- 
head,” described by Keith?. In the palaeolithic skull this cranial measurement 
was found to assume vast dimensions. It is important to mention that in 
the Neanderthal type of skull the outer ends of the supra-orbital arch or torus, 
as it is usually called, overhang the fronto-malar junctions to a slight degree, 
and thus prevent the accurate measurement of the interangular dimension. 
The following measurements refer, therefore, to the supra-orbital torus. By 
far the most excessive dimension was that provided by the Rhodesian skull, 
the torus of which was found by Pycraft? to yield a measurement of 139 mm. 
(fig. 8). This is a colossal figure when compared with 106 mm., which Keith‘ 
found to be the mean measurement for the modern European male skull. 

_ The results yielded by the Neanderthal type of skull, though not so striking 
as in the case of Rhodesian Man, were still far above the average for the 
modern European skull referred to in the last paragraph. The excellent cast 
of the Neanderthal skull in the R.C.S. Museum provided the extensive measure- 


1 Op. cit. 2 Op. cit. 3 Op. cit. 4 Op. cit. 
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ment of 126-3 mm. The La Chapelle and Spy No. 2 crania were not far behind, 
with measurements of 124-2 and 124 mm. respectively. 

Keith! recorded an interangular width of 110 mm. in the Langwith skull, 
a representative of the later palaeolithic period. This skull has provided us 
with remarkable reductions in both the intertemporal and the interangular 
dimensions of the frontal bone, when contrasted with the examples of early 
palaeolithic Man. 

The data for Neolithic Man were chiefly derived from the Coldrum collec- 
tion. Keith gives 104-2 mm. as the average interangular width for four male 
crania from that group. This, it may be noted, is rather low when compared 
even with the modern European male average mentioned above. He obtained 
an average of 102 mm. for two Coldrum female crania. I measured this dimen- 
sion in the Trent and Tilbury crania, which are both examples of the river-bed 
type of skull, and are of the male sex, and obtained 106 and 110-5 mm. 
respectively. Both these measurements were within the range of variation 
for the modern English male type of skull. 

Eleven male Anglo-Saxon crania were available for the investigation of this 
dimension. It varied from a maximum of 112 mm. to a minimum of 98-2 mm. 
It will be observed that even the maximum measurement did not approach 
the dimensions shown by the Neanderthal types of crania. 

The average interangular frontal width for these male Anglo-Saxon crania 
proved to be 106-2 mm. This was almost exactly the same as the average of 
106 mm. for the modern European male skull, as given by Keith*. 

I also investigated this cranial dimension in twenty Anglo-Saxon female 
crania, in which it was found to exhibit the usual wide range of variation. 
The maximum dimension in these was found to be 109 mm. and the minimum 
92-5 mm. The average was estimated to be 102-2 mm., which was practically 
the same as the average, namely 102 mm., for two Neolithic female crania 
from Coldrum, measured by Keith’. 

Owing to the relatively small numbers of Anglo-Saxon crania that were 
available, it was not practicable to estimate the standard deviations for the 
two groups. 

This portion of the investigation has provided us with the valuable informa- 
tion, that no material difference in the dimensions of the interangular width 
of the frontal bone has taken place in the English type of skull since Neolithic 
times. We have ascertained further that it assumed relatively vast proportions 
in the early palaeolithic type of skull, and that the transition between this 
and the modern type must have taken place during the later stages of the 
palaeolithic period. 


1 Op. cit. 2 Op. cit. 3 Op. cit. 
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III. COMPARISON BETWEEN THE INTERTEMPORAL AND INTER- 
ANGULAR WIDTHS OF THE FRONTAL BONE IN MAN AND 
ANTHROPOIDS 


I recently compared these dimensions in a series of Copper Age crania 
from Minoreca'. The frontal region of one of these is shown in fig. 1. It will 
be observed that it conforms to the modern European type. That is to say, 
the intertemporal width is not far short of the interangular width. I calculated 
the actual proportion between these two, and found that the intertemporal 
dimension was 91-1 per cent. of the interangular. Fig. 2, on the other hand, 


Fig. 1. Fig. 2. 


Fig. 1. The frontal aspect of a Copper Age skull from Minorca, to show the intertemporal and 
interangular widths. The proportion which these bear to each other conforms to that found 
in the modern European type of skull. Drawn by kind permission of Dr M. A. Murray. 

Fig. 2. The frontal aspect of a Copper Age skull from Minorca, which displayed several negroid 
features. The temporal ridges encroached more on the frontal bone than in fig. 1, thus lowering 
the proportion which the intertemporal width bears to the interangular width. Drawn by 
kind permission of Dr M. A. Murray. 


was from one of these Copper Age crania which displayed several negroid 
features. It will be noted that in it the temporal ridges are approximating 
more towards the medial line. It was therefore not surprising to find that 
in this case the proportion which the intertemporal width bore to the inter- 
angular had dropped to 89-3 per cent. It was clearly evident that this pro- 
portion must become lowered in a low-grade type of skull. The average pro- 
portion for these Copper Age male crania was 88-6 per cent., and for the 
female crania 90-9 per cent. The proportion was clearly lower in the male 
than in the female crania, and this suggested the existence of a sexual factor, 
an observation which was found to be confirmed by further investigation. 
For this purpose I utilised the Anglo-Saxon crania in the R.C.S. Museum. 
In the male crania of this series the intertemporal width was on the average 
92-1 per cent. of the interangular width, while in the case of the female crania 
the former was 93-8 per cent. of the latter. The proportion was thus higher 
in these female crania, so that in this sex the two dimensions approximated 


1 Cambridge Excavations in Minorca, 1934. 
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more closely to one another. The proportions for the Neolithic crania from 
Coldrum were calculated by me from the data given in Table I of Keith’s 
memoir?, The proportion for the male crania was 93-5 per cent. and for the 
female crania 95-1 per cent., thus suggesting once more the existence of a 
sexual factor. These results being well over 90, showed how strikingly modern 
in character they were. I calculated the proportions for the Trent and Tilbury 
crania, which were 93-8 and 92-3 per cent. They thus conformed to the pro- 
portion found in the modern type of English skull. 

The appearance shown by fig. 2 suggested that the proportion between 
these two frontal widths would become definitely lowered in the black races. 
A mere glance at the negro type of skull will convince one that this is so, for 
it is clear that in it the temporal ridges tend to encroach in a medial direction 
on the frontal bone, thus reducing the intertemporal dimension very per- 
ceptibly. 

It will be gathered from the intertemporal and interangular measurements 
given for the palaeolithic type of skull, that the proportion between these two 
dimensions will be definitely low. This was well exemplified by the Rhodesian 
skull, a tracing of the frontal region of which is shown in fig. 3. Quite a feature 
of this skull is the degree of convergence of the temporal ridges. It was there- 
fore not surprising to find that in this specimen the intertemporal width was 
only 74-1 per cent. of the supra-orbital width, as calculated from the measure- 
ments given in Pycraft’s book? 


Fig. 3. Fig. 4. 


Fig. 3. The frontal aspect of the Rhodesian skull, traced from a photograph. The temporal ridges 
have encroached on the frontal bone to a considerable extent. In this skull the inter- 
temporal width was only 74:1 per cent. of the supra-orbital width. 

Fig. 4. The frontal aspect of a chimpanzee skull. The temporal ridges have encroached so much 

on the frontal bone, that the intertemporal width was only 56-6 per cent. of the supra-orbital 

width in this specimen. 


The proportions for the Neanderthal type of skull were not nearly so low, 
though they were all well under 90 per cent. In the Neanderthal skull the 
proportion between the two frontal dimensions was 85-5 per cent., in the Spy 


1 J, R. anthrop. Inst. vol. xm, 1913. 2 Op. cit. 
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No. 2 skull 87-1 per cent., in the La Chapelle skull 88-5 per cent. and in the 
Langwith skull, which is late palaeolithic, 86-3 per cent. All these are calculated 
from the measurements already given in this memoir. The proportion for the 
Gibraltar skull was higher, namely 90-6 per cent. This was an observation of 
some importance in view of the statement made above, that the proportion 
tends to be higher in the female type of skull. 
When we examine the frontal region of the anthropoid skull, we find an 
astonishing drop in the proportion between the upper and lower frontal widths, 
_ Thus in the chimpanzee skull shown in fig. 4 the intertemporal width was 
only 56-6 per cent. of the interangular, that is to say, just a little more than 
half. The corresponding proportion for an orang was 55-1 per cent., for a 
gibbon 54-5 per cent., and for a Macaque monkey 45:8 per cent. The condition 
found in the adult gorilla skull was more astonishing still, for in it the temporal 
ridges rapidly converge to meet in the enormous sagittal crest, thus reducing 
the proportion almost to zero. One can therefore recognise the value of con- 
trasting these two frontal measurements from the standpoint of comparative 
anatomy. I have therefore suggested! that these results should be expressed 
in the form of an index, which might be termed the intertemporal/interangular 
index of the frontal bone. This would be obtained by multiplying the inter- 
temporal width by 100, and dividing the result by the interangular width. 


CONCLUSIONS 
1. The intertemporal dimension of the frontal bone was found to be 


definitely greater in the Neanderthal type of skull than in the modern European 
type of skull. The transition must have taken place during the later palaeolithic 
period. In any case, it must have occurred prior to the Neolithic Age, since 
it was ascertained that the intertemporal dimension in the Neolithic skull was 
essentially modern. 

2. No material difference in the dimensions of the interangular width of 
the frontal bone has taken place in the English type of skull since Neolithic 
times. It assumed relatively vast proportions in the early palaeolithic type 
of skull. The transition between this and the modern type must have taken 
place during the later phases of the palaeolithic period. , 

8. The proportion which the intertemporal dimension bears to the inter- 
angular dimension of the frontal bone in the modern English type of skull is 
usually well over 90 per cent. This proportion has been in existence in the 
English type of skull since Neolithic times. The proportion is usually higher 
on the average in the female type of skull, thus suggesting the existence of 
a sexual factor. The proportion is definitely lower in the palaeolithic type of 
skull, and steadily drops as one descends the anthropoid group. 


1 Skeleton of British Neolithic Man, 1934. 
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ON A GENERAL PATTERN OF ARRANGEMENT OF 
THE CRANIAL ROOFING BONES IN FISHES 


By EDWARD PHELPS ALLIS, Jr 
Menton, France 


Iv connection with my recent work (Allis, 1934) on the course of the latero- 
sensory canals in Fishes, pre-Fishes and Necturus, I was led to doubt the 
homologies implied in the names given to certain of the cranial roofing bones of 
fossil Fishes, and further consideration of the subject has not only confirmed 
this doubt, but has led to the recognition of a general pattern of arrangement of 
the cranial roofing bones that is common to all of the Ostheichthyes, excepting 
possibly the Arthrodira. This pattern of arrangement is markedly evident in the 
two recent Chondrostei, Polyodon and Acipenser. The conditions in these two 
Fishes will accordingly first be carefully considered and then those in a number 
of fossil Fishes. Certain conditions in some of the recent Holostei and 
Teleostei are briefly referred to, but these Fishes are not further considered, the 
general pattern of arrangement of the cranial bones apparently being strictly 
similar, in principle, to that in Polyodon and Acipenser. The names given by 
authors, myself included, to the cranial roofing bones vary greatly, and to 
avoid confusion it seems best to employ the terms used by Sagemehl (1883, 
1884, 1891) in his descriptions of Amia and the Teleostei, and adopted by me in 
my earlier descriptions of those same fishes, with the exception of the terms 
squamosal, postfrontal and prefrontal. The squamosal I have called since 1909 
the pterotic or dermopterotic, and the latter name will be employed here. The 
term postfrontal, as currently employed, refers to three somewhat different 
bones and will be replaced in certain Fishes by dermosphenotic and in others 
by suprapostorbito-dermosphenotic or suprapostorbito-membranosphenotic. 
The prefrontal will be called the preorbital, the term antorbital being reserved 
for the bone so named by Sagemehl. The terms supratemporal and inter- 
temporal are avoided because they have each been given to two or more 
distinctly different bones. Compound terms are employed to designate bones 
that have apparently been formed by the fusion of two or-more bones found 
independent in certain other Fishes. 


POLYODON FOLIUM 


In Polyodon foliwm, the dermal bones on the dorsal surface of the head have 
been more or less fully described by Bridge (1878), Collinge (1894), myself 
(Allis, 1903 a), Luther (1913) and Sewertzoff (1926a), and my figure showing the 

Anatomy LxIx 16 
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bones on the dorsal surface of the cranium proper is reproduced in the 
accompanying fig. 1. 

According to Bridge the membrane bones on the dorsal surface of the rostral 
process are arranged in five longitudinal rows, a median one and an inner 
lateral and outer lateral on either side. These bones are long and pointed at 
each end, are definitely of membrane origin, and the bones of each row lie 

opposite the line of articulation or opposite the interval between two bones of 
each adjacent row. The five longitudinal rows of these dorsorostrals are, how- 


Fig. 1. Polyodon folium, Dorsal view. After Allis. 


ever, not continuous throughout their entire lengths, being interrupted at 
certain points by the expansion of bones of the adjacent rows. The most 
posterior and next anterior bones of the median row are thus separated from 
each other by the expansion of the posterior bones of the inner lateral rows, 
these two bones acquiring contact with each other in the middorsal line. The 
inner lateral row of each side is similarly interrupted anterior to this by the 
expansion of the second bone of the median row, that bone acquiring contact 
laterally on either side with the corresponding bone of the outer lateral row. 
The frontal and parietal of either side are considered by Bridge to form a 
posterior prolongation of the inner lateral row of dorsorostrals, and as they are, 
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both of membrane origin, they may be called the inner lateral dorsocranials. 
The anterior ends of the frontals of opposite sides are separated from each other 
by the hind end of the posterior median dorsorostral and at a variable distance 
posterior to this, between the frontals of opposite sides, there is a small median 
fenestra which has been called both the pineal and epiphysial. Posterior to this 
the frontals and parietals of opposite sides are in contact with each other 
throughout their entire lengths, the hind ends of the parietals being prolonged 
posteriorly beyond the transverse line of the supratemporal latero-sensory 
commissure and even somewhat beyond the hind end of the chondrocranium. 
The bone of the median dorsal row that should normally lie between the inner 
lateral dorsocranials of opposite sides of the head, opposite their articulating 
ends, is not described in this fish, but is apparently represented in Acipenser by 
a group of bones called by Luther the epiphysalia, as will be explained later. 

The outer lateral row of dorsorostrals is similarly prolonged posteriorly by 
three bones called by Bridge bones C%, C? and C!, and between this row and the 
inner lateral row formed by the frontal and parietal there is a long and wide 
opening which may be called the fenestra longitudinalis. Posteriorly this 
fenestra is closed by the antero-mesially directed arm of the Y-shaped bone C?, 
and at about the middle of its length the fenestra is crossed by postorbital and 
preorbital bridges formed by latero-sensory ossicles developed in relation to the 
main-infraorbital and supraorbital latero-sensory canals. 

Bone C? of Bridge’s descriptions is probably simply one of the outer lateral 
row of dorsorostrals, but as it lies lateral to the articulating ends of the next 
anterior dorsorostral and bone C2, and articulates with the lateral edges of both 
of these bones, it may belong to a still more lateral row of membrane bones and 
be the only one of that row that can be recognised in Bridge’s figures and 
descriptions. 

Bone C? of Bridge’s descriptions is partly of membrane and partly of 
latero-sensory origin, and these two components must be considered separately. 
The membrane component begins at the base of the rostral process where it 
articulates laterally with bone C* and anteriorly with the hind end of the pos- 
terior one of the outer lateral dorsorostrals. From there the bone extends 
posteriorly across the dorsal surface of the nasal capsule, there lying imme- 
diately mesial to the external opening of that capsule. Beyond this supra- 
nasal section the bone extends across the large supraorbital notch in the 
chondrocranium, there forming the roof of the lateral portion of the orbit and 
the dorsal margin of the orbital opening. Posterior to this supraorbital section 
the bone widens somewhat abruptly by latero-ventral expansion, the lateral 
half of the expanded portion extending to the hind edge of the sphenotic 
portion of the chondrocranium and there ending with a bluntly rounded end 
which forms a process-like projection on this part of the bone C?. The anterior 
edge of the lateral half of this part of the bone forms the dorso-posterior margin 


of the orbital opening, its posterior portion lying directly upon the flattened 


outer edge of the sphenotic portion of the sphenopterotic ridge of the chondro- 
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cranium, directly superficial to the dorsal opening of the canal for the spiracular 
diverticulum and slightly dorso-anterior to the spiracular opening. Posterior 
to this the bone rests upon the dorsal edge of the pterotic portion of the 
sphenopterotic ridge and extends to the hind end of that ridge. 

The anterior half of that expanded portion of the bone C? that lies im- 


mediately posterior to the orbital opening is traversed by the dorsal portion of . 


the postorbital section of the main-infraorbital canal, and as the latero-sensory 
ossicle that primarily enclosed this part of this canal lies definitely dorsal to the 
one or two bones currently called the postorbitals, it may be called the supra- 
postorbital. That part of the expanded portion of bone C? that lies posterior to 
this is then the membranosphenotic, the latero-sensory component of what J 
shall call the dermosphenotic in certain of the other Fishes to be considered 
lying wholly dorso-mesial to it. The suprapostorbito-membranosphenotic, thus 
defined, is apparently the homologue of the so-called postfrontal of Amia and 
Polypterus, as will be fully explained when describing the conditions in Aci- 
penser, but it is not the homologue of the so-called postfrontal of certain of the 
fossil Fishes to be considered. Furthermore, this so-called postfrontal of Fishes 
is not postfrontal in position excepting when the frontal has either fused 
completely with the supraorbitals or has expanded laterally sufficiently to 
suppress and replace those bones, and it develops in relation to the outer lateral 
row of dorsocranials, while the frontal is one of the inner lateral row. The term 
postfrontal is accordingly here avoided. As the postorbital section of the main- 
infraorbital canal traverses this part of the bone C? it anastomoses in Polyodon 
with the dorso-anterior end of the preopercular canal, but this anastomosis does 
not take place in this bone in any of the other Fishes considered in the present 
- work. 
; The membrane bone C? thus extends from the anterior edge of the nasal 
capsule to the hind edge of the otic capsule, and as it lies directly opposite the 
articulating ends.of the frontal and parietal it has the typical relations to those 
bones of an outer lateral dorsocranial and will hereinafter be so referred to. The 
dorso-mesial edge of the sphenopterotic portion of this outer lateral dorsocranial 
is shown in my figure as if being simply in articular contact with the lateral 
edge of a Y-shaped bone of latero-sensory origin, but it must be that the edge 
of the dorsocranial here extends mesially a certain distance internal to the 
Y-shaped bone and has there more or less completely fused with it, for Bridge 
found these two bones so intimately connected with each other that he con- 
sidered them to form parts of a single bone, his bone C2. The arms of this 
Y-shaped bone are directed, the one antero-laterally and the other antero- 
mesially, the former articulating by its outer end with the dorso-mesial edge of 
the outer lateral dorsocranial. The antero-mesially directed arm is somewhat 
complicated. The middle portion of its outer end articulates with the hind end 
of the posterior one of a chain of latero-sensory ossicles that enclose the 
posterior two-thirds, approximately, of the supraorbital canal, and this would 
seem to be the primitive articulation of the bone, but on either side of this there 
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are irregular process-like outgrowths that articulate with the lateral edges of 
both the frontal and the parietal. The chain of supraorbital latero-sensory 
ossicles extends from there at first antero-mesially and then anteriorly in a 
curved line, the anteriorly directed part of the line overlying the lateral edge of 
the frontal near its hind end and there apparently being more or less completely 
fused with the latter bone. Beyond this the chain curves antero-laterally, 
crosses the fenestra longitudinalis and beyond it overlaps slightly the dorso- 
mesial edge of the outer lateral dorsocranial in the region between the nasal and 
orbital openings, and is there interrupted. The supraorbital canal, however, 
continues onward in the dermis superficial to the outer lateral dorsocranial, 
and beyond the latter bone again becomes enclosed in a short chain of latero- 
sensory ossicles which passes between the anterior and posterior external nasal 
apertures and there ends. As the canal crosses the external surface of the outer 
lateral dorsocranial its walls contain a number of small scale-like bones that 
evidently represent a latero-sensory ossicle either in process of formation or 
disintegration. Immediately posterior to this there is a short but broad process 
on the lateral edge of the outer lateral dorsocranial directed antero-laterally and 
having its antero-laterally presented outer end slightly denticulated, as if it had 
been attached to tissue of some sort, but there is nothing in the descriptions 
or figure to indicate what this tissue may have been. This process of the bone 
lies between the orbital and nasal openings and forms the dorso-anterior 
boundary of the orbital opening, thus corresponding definitely in topographical 
position to the prefrontal bone of current descriptions of Acipenser and certain 
fossil Fishes. It has, however, no direct relation to the frontal bone, and is 
developed definitely in relation to the outer lateral and not to the inner lateral 
row of membrane bones. The name “ prefrontal” thus seems inappropriate and 
the process will hereinafter be referred to as the preorbital process of the outer 
lateral dorsocranial, and the corresponding but msaeanesece bone in certain 
other Fishes will be called the preorbital. 

The horizontal portion of the main-infraorbital canal enters the Y-shaped 
bone above described at its hind end, and running forward in it to the anterior 
end of the shank of the bone there turns antero-laterally in the antero-laterally 
directed arm of the bone and having traversed it enters and traverses the outer 
lateral dorsocranial, as just above explained. At the point where the canal turns 
antero-laterally to enter the antero-laterally directed arm of the Y, it sends 
antero-mesially in the antero-mesially directed arm of the bone a branch which 
I formerly considered to form the hind end of the supraorbital canal, but 
comparison with other Fishes to be later considered would seem to establish 
definitely that the branch canal is simply a primary tube of the main-infra- 
orbital which extends to the outer end of the arm of the Y and there anasto- 
moses with the hind end of the supraorbital canal. The Y-shaped bone thus 
represents in topographical position and in its relations to the latero-sensory 
canals a latero-sensory sphenopterotic that has partially but not completely 
fused with the underlying sphenopterotic portion of the membranous outer 
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lateral dorsocranial, and these two bones, if fused with each other, would form 
the two components of a dermosphenopterotic comparable to that described 
by me (Allis, 1904) in Lepidosteus but there called the squamosal. This wil! be 
further considered after describing the conditions in Acipenser. 

The hind ends of the outer lateral dorsocranial and the latero-sensory 
sphenopterotic both articulate with the anterior end of the long anterior arm 
of Bridge’s bone C!, this bone being Y-shaped with a long anteriorly and a short 
antero-mesially directed arm and corresponding to the extrascapular and supra- 
scapular of Amia completely fused with each other. The shank of the Y lies 
superficial to the line between the hind edge of the musculus levator hyomandi- 
bularis and the anterior end of the trunk muscles, the antero-mesially directed 
arm lying in the line prolonged of the shank, articulating with the lateral edge 
of the parietal approximately superficial to the hind end of the occipital portion 
of the chondrocranium and forming the posterior boundary of the fenestra 
longitudinalis. The long anteriorly directed arm of the bone lies on the external 
surface of the musculus levator hyomandibularis, forms the lateral boundary of 
the posterior portion of the fenestra longitudinalis and articulates anteriorly, 
as above stated, with the hind ends of the outer lateral dorsocranial and the 
latero-sensory sphenopterotic. The shank of the bone is traversed by the main- 
infraorbital canal which, at the hind end of the anteriorly directed arm, 
anastomoses with the lateral end of the supratemporal canal. Anterior to this 
the main-infraorbital canal continues onward but is here enclosed in a number 
of latero-sensory ossicles which I found lying in the dermis superficial to the 
mesial edge of the long anterior arm of the bone. The supratemporal canal.is 
directed mesially and is enclosed in two or more latero-sensory ossicles that 
overlie the antero-mesially directed arm of the extrascapulo-suprascapular and 
beyond it the parietal, but whether they have partly fused with either of these 
bones cannot be told from the figure and descriptions. They, however, represent 
part of the extrascapular and their mesial portion overlies and apparently rests 
directly upon the parietal. On the internal surface of the shank of the bone and 
extending its full length there is a plate-like process which projects downward 
between the hind edge of the musculus levator hyomandibularis and the 
anterior edge of the trunk muscles, there lying on the antero-laterally presented 
surface of the lateral occipital process, called by Bridge the decurrent wing-like 
process. The bone lies wholly posterior to the otic capsule, and the great length 
of its anteriorly directed arm is due to the great length of the Sachin portion 
of the chondrocranium of this fish. 

The infraorbital portion of the main-infraorbital canal, after it has traversed 
transversely the outer lateral dorsocranial, enters a long postorbital ossicle that 
has fused by its dorsal end with the postorbital portion of the outer lateral 
dorsocranial and hence appears as a process of that bone. At the ventral end 
of this process the canal passes on to the ventral surface of the head, there at first 
lying close to the ventral margin of the eye and beyond that turns antero- 
mesially and crossing the ventral surface of the nasal capsule reaches the ventro- 
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lateral edge of the cartilaginous rostral process. There it continues onward to 
the end of that process where it turns mesially and, perforating the rostral 
process, unites in the median line with its fellow of the opposite side. During 


- this part of its course it is enclosed in a number of tubular ossicles, and as there 


is no upward bend in the canal between the orbit and the nasal capsule, 
similar to that in Amia, none of these latero-sensory ossicles has the charac- 


teristic position of the lachrymal and antorbital bones of the latter fish. 


The preoperculo-mandibular canal was fully described in my earlier work 
(Allis, 1908a) as the hyomandibular canal, and as it takes no part in the 
formation of the bones on the dorsal surface of the head it need not here 
be considered. 

The bones on the dorsal surface of the cranium proper of this fish thus 
present a pattern of arrangement that is exceedingly simple, being formed, on 
each side of the head, by inner and outer lateral rows of membrane bones, an 
intermediate row of latero-sensory ossicles lying between them and certain short 
transversely placed rows of similar latero-sensory ossicles. The median dorsal 
row of membrane bones so evident on the snout is not in this fish prolonged 
posteriorly on to the cranium proper. In all of the other Fishes considered in | 
the present work, with the possible exception of the Arthrodira, this same 
pattern of arrangement also occurs in principle, but in most of them the latero- 
sensory ossicles of the intermediate row have usually fused completely with the 
membrane bones either of the inner or the outer lateral rows, and the long outer 
lateral dorsocranial of Polyodon is represented by a variable number of separate 
and independent bones. This simple arrangement of the bones in Polyodon is 
apparently related to the presence of the long fenestra longitudinalis. Luther 
(1913) and Sewertzoff (1926a) both consider this fenestra to owe its existence 
simply to the wearing and obstructive action of the large number of nerve sacs 
found in this region, but these same nerve sacs occur in this same region in 
Acipenser and there is in that fish no indication of a wearing away of the 
underlying bones. A much more probable assumption would therefore seem to 
be that in connection with the development of the long rostral process, and to 


-avoid unduly increasing the weight of the head, the outer lateral dorsocranial of . 


either side shifted laterally and ventrally so as to give a wider base of support 
for the snout, this leaving between this bone and the inner lateral one a wide 
fenestra longitudinalis. The intermediate line of latero-sensory ossicles must have 
lain primarily between the inner lateral and outer lateral rows of dorsocranials, 
just as the lateral line of the body lies between dorso-mesial and latero-ventral 
bands of scales, the two rows of dorsocranials forming direct anterior pro- 
longations of these two bands of scales and the main-infraorbital canal forming 
a direct anterior prolongation of the lateral line of the body. As the dorso- 
cranials separated from each other to form the large fenestra longitudinalis, the 
latero-sensory ossicles would have been left either directly above the fenestra, 
or superficial to the edges of its bounding bones. In Avelia the supraorbital 
latero-sensory canal, and in Dipterus a line of ossicles developed in relation 
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to this canal do in fact definitely lie between the inner lateral and outer latcral 
rows:of dorsocranials and completely fill the intervening space. 

The sphenopterotic portion of the outer lateral dorsocranial of Polydon has, 
it may here be noted, markedly the relations of the squamous portion of the 
temporal bone of Man to the otic capsule and adjacent bones. 


ACIPENSER RUTHENUS 


In Acipenser ruthenus the scales are said by Sewertzoff (1926), p. 187) to be 
all of ‘strict mesodermic origin,” and the bones on the dorsal surface of the 
head to be of similar origin. On the trunk there are said to be five longitudinal 
rows of enlarged scales or scutes, a median dorsal and a superior and inferior 
lateral on each side, and between the median dorsal and the superior lateral 
and between the two lateral rows there are bands of numerous smaller scales. 
Each of these trunk scales and also each of the bones on the dorsal surface of the 
head is furnished, at some period of its ontogenetic development, with a longi- 
tudinal ridge or crest along the middle line of its external surface, and because 
of this similarity of development Sewertzoff considers them all to be, or to have 
_ been developed from scales of strictly similar character. On the dorsal surface 
of the head certain of these primarily independent scales have fused with each 
other either ontogenetically or phylogenetically to form certain of the large 
definitive cranial roofing bones, while other scales have simply increased greatly 
in size and absorbed or suppressed and replaced adjacent smaller scales. He 
finds no indication during ontogeny of a large bone breaking up into two or 
more smaller ones. 

The superior lateral row of trunk scales forms the lateral line of the body, 
the membranous lateral line canal developing immediately dorso-mesial to the 
longitudinal ridges on these scales, the ridge on each scale supporting the 
latero-ventral wall of the related portion of the canal. Later, the dorso-mesial 
edge of the scale grows outward in a curved line and supports the dorso-mesial 
wall of the canal, the canal then lying in an open gutter from the floor of which 
a flange representing the latero-ventral half of the original scale projects latero- 
ventrally. The edges of this gutter later grow outward and meet and fuse 
external to the canal, thus enclosing it in a short bony canal. The latero-sensory 
organs are said to lie in these bony canals, as they also do in the corresponding 
canals in Amia (Allis, 1889), the conditions in these two Fishes thus apparently 
differing in this respect from those in Perca fluviatilis where, according to 
Goodrich (1909), the latero-sensory organs lie between successive scales. On 
the dorsal surface of the head of Acipenser the latero-sensory canals lie latero- 
ventral instead of dorso-mesial to the longitudinal ridges on the external 
surfaces of the related scales or bones, and certain of the scales or bones that are 
independent of each other in early embryos fuse with each other and with 
adjacent membrane bones to form the definitive bones of the adult. The several 
independent latero-sensory bones (scales) that primarily enclose the posterior 
two-thirds of the supraorbital canal first fuse with each other to form what 


Se 
of 
ad 
ch 
th: 
to 
ot 
Se 
gr 
for 
Il 
sen 
flat 
pte 
dot 
— res 
cal 
the 
late 
vel 
enc 
vit 
eit] 
reg 
Sev 
dey 
late 
wit 
the 
ossi 
— dev 
adu 
and 
met 
all} 
Am 
| 
i inel 
of t 


The Cranial Roofing Bones in Fishes 241 


Sewertzoff calls the lateral frontal, this bone then fusing with the lateral edge 
of the embryonic and wholly membranous frontal to form the frontal of the 
adult, the latero-sensory bones (scales) here concerned corresponding to the 
chain of tubular latero-sensory ossicles that in Polyodon form the two bridges 
that span the fenestra longitudinalis. The bones (scales) that develop in relation 
to the sphenopterotic section of the main-infraorbital canal first fuse with each 
other to form a single bone, called by 
Sewertzoff the squamosal, and from the 
lateral edge of this bone a flange later 
grows ventro-laterally, the bone first so 
formed evidently corresponding to what 
Ihave called in Polyodon the latero- 
sensory sphenopterotic and the large 
flange corresponding to the spheno- 
pterotic portion of the outer lateral 
dorsocranial of the latter fish. The 
resulting bone may accordingly be 
called the dermosphenopterotic. On 
the ventral surface of the snout the 
latero-sensory canal of either side de- 
velops in a region where there are no 
scales, and here the canal becomes 
enclosed in a simple tubular ossicle 
without related projecting flange on 
either side, while in the suborbital 
region a membrane bone, called by 
Sewertzoff the suborbital, develops in- 
dependently of the related cylindrical 
latero-sensory ossicle and later fuses 
with it to form the suborbital bone of 
the adult. Certain of the latero-sensory 
ossicles of Acipenser are thus seen to 
develop as independent cylindrical 
ossicles and persist as such in the Fig. 2. Acipenser ruthenus. Dorsal view. 
adult, others later coalescing with After Sewertzoff. 

underlying plates of membrane origin : 

and still others developing in such intimate relations with an underlying 
membrane bone that they are considered to develop as parts of it, this 
all being as above described in Polyodon, and as is also known to be the case in 
Amia and certain of the Teleostei (Allis, 1898, 1919). 

The bones of the adult, as figured and described by Sewertzoff (1926a) 
are shown in the accompanying fig. 2. The anterior end of the frontal, which 
includes the primarily independent lateral frontals, is separated from its fellow 
of the opposite side by the pointed hind end of a lenticular-shaped bone 


‘al 
1S, 
he 
be 
he 
ial 
ior 
ral 
eS, 
he 
gi- 
se 
ve 
ce 
ch 
ge 
ly 
Te 
or 
ly, 
he 
he 
ial 
ial 
ch 
Ise 
ry 
ng 
tly 
to 
On 
al 
ure 
ith 
ral 
ior : 
vat 


242 Edward Phelps Allis, Jr 


that Sewertzoff calls the anterior mediodorsal, but as it corresponds topo- 
graphically to the posterior median dorsorostral of Polyodon, it wil' be 
hereinafter so referred to. The dorsorostrals of this fish are relatively short, 
are longitudinally placed and, like those in Polyodon, pointed at both ends, 
but they are arranged in longitudinal and transverse rows, instead of, as in 
Polyodon, in longitudinal and diagonal rows. The posterior one of these 
transverse rows lies immediately anterior to the frontals and is composed 
of seven bones, the median one of which is the posterior median dorsorostral 
just above referred to. The lateral one of the row on either side lies in the 
line prolonged anteriorly of the relatively long and single supraorbital 
bone of this fish, and although it corresponds topographically to that part 
of the outer lateral dorsocranial of Polyodon that lies anterior to the line 
where the latter bone is crossed superficially by the anterior end of the 
supraorbital latero-sensory canal, it will be referred to as the posterior one of 
the outer lateral row of dorsorostrals. The pointed hind ends of the two dorso- 
rostrals that lie between this outer lateral dorsorostral and the posterior 
median one both fit into pointed angular notches in the anterior edge of the 
frontal and may be considered together to correspond to the posterior inner 
lateral dorsorostral of Polyodon. Lateral to the posterior outer lateral dorso- 
rostral there is on the left-hand side of Sewertzoff’s figure, but not on the 
right-hand side, a dorsorostral that would seem to correspond to bone C? of 
Bridge’s descriptions of Polyodon, which I have considered to be possibly one 
of a dorsal row of these bones that lay lateral to the outer lateral row. 
The next anterior or second transverse row of dorsorostrals is formed by six 
bones, two of which on either side of the head apparently belong to the inner 
lateral dorsal row and one to the outer lateral row. Their hind ends inter- 
digitate with the anterior ends of the bones of the first transverse row, the 
two mesial bones of the row articulating with each other in the middorsal line 
and separating the first and second bones of the median dorsal row from each 
other, this being as in Polyodon. The next anterior or third transverse row is 
formed by three bones, a median one and an inner lateral on either side, their 
hind ends interdigitating with the anterior ends of the bones of the second 
transverse row, and anterior to this row there are still three bones, a median 
one and an inner lateral on either side, the hind ends of the latter bones being 
in contact with each other posterior to the median bone and so separating it 
from the next posterior median dorsorostral. 

The frontal articulates posteriorly with the parietal which is relatively long 
and articulates posteriorly with a median bone called by Sewertzoff the dermo- 
supraoccipital, which belongs to the extrascapular series and will be described 
below. The frontals of opposite sides enclose between them at approximately 
the posterior two-fifths of their lengths, a small bone resembling in shape the 
dorsorostrals, and it is considered by Sewertzoff to form the posterior one of the 
median dorsal row. Luther here found in his specimen of this fish several small 
bones which he calls the epiphysalia, and like the bone of Sewertzoff’s specimen 
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they lie superficial to the dorsal end of the epiphysial fossa in the roof of the 
cranial cavity. This bone is thus definitely cranial instead of rostral in position, 
and I shall accordingly adopt Luther’s terminology and call it the epiphysalium. 
The position of this little bone so near ‘to the articulating ends of the frontals 
and parietals suggests that it may be a remnant of a median dorsocranial that 
should normally be found here. 

Lateral to the frontal of the adult there is a shinioaiabisaa which is wholly of 
membrane origin and corresponds to that part of the outer lateral dorsocranial 
of Polyodon that lies between the two points where it is crossed by the supra- 
orbital canal and the postorbital section of the main-infraorbital. The anterior 
end of this bone articulates with three bones, a nasal, a preorbital called by 
Sewertzoff the prefrontal, and the bone above described as the posterior outer 
lateral dorsorostral which forms a direct anterior prolongation of the line of 
the supraorbital. The nasal lies lateral to the posterior portion of the posterior 
outer lateral dorsorostral and dorso-mesial to the single nasal perforation of the 
cranial shield, and gives articulation on its lateral edge to a small latero- 
sensory ossicle that lies in the dermis between the two external nasal apertures. 
The preorbital (prefrontal, Sewertzoff) evidently corresponds to what I have 
called the preorbital process of the outer lateral dorsocranial of Polyodon. It 
is, however, here a wholly independent triangular-shaped bone which articulates 
dorsally with the lateral edge of the posterior half of the nasal as well as with 
the lateral portion of the anterior edge of the supraorbital, its ventral corner 
projecting downward process-like between the orbital and nasal openings and 
extending nearly to the ventral edge of the orbital opening. The supraorbital 
canal after leaving the frontal is shown on the left-hand side of the figure 
traversing the hind end of the posterior outer lateral dorsorostral and then the 
nasal and the little latero-sensory ossicle that lies between the two external nasal 
apertures, beyond which it is continued onward a short distance on the dorsal 
surface of the snout, there lying lateral to all of the dorsorostrals. On the right- 
hand side of the head this canal has a similar course excepting in that it does 
not traverse the posterior outer lateral dorsocranial, lying wholly posterior to 
that bone. The so-called nasal is thus probably a latero-sensory ossicle developed 
in relation to that part of the supraorbital canal of Polyodon that crosses 
superficially the outer lateral dorsocranial. 

The long and single supraorbital articulates eee with the lateral 
edge of the frontal and posteriorly both with the anterior edge of a bone called 
by Sewertzoff the squamosal and with the antero-dorsally presented edge of a 
latero-sensory ossicle that forms the dorsal portion of a bone called by 
Sewertzoff the postfrontal. The ventral portion of the latter bone lies in a 
nearly vertical position and forms the larger part of the posterior boundary of 
the orbital opening, both portions of the bone being traversed by the post- 
orbital section of the main-infraorbital canal. The dorsal portion of this bone 
corresponds to that part of the outer lateral dorsocranial of Polyodon that I have 
called the suprapostorbital, the ventral portion corresponding to the post- 
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orbital latero-sensory ossicle that in Polyodon had fused by its dorsal end with 
the lateral edge of the outer lateral dorsocranial. In the specimen of Acipenser 
sturio which I examined in connection with an earlier work (Allis, 1904), the 
dorsal portion of this so-called postfrontal of Acipenser ruthenus had fused with 
the supraorbital and was wholly independent of the ventral portion which I 
described in that fish as the upper postorbital bone. Posterior to the supra- 
postorbital there is no indication of that prespiracular process of the membrano- 
sphenotic which is so pronounced in Polyodon, this part of the membrano- 
sphenotic of the latter fish apparently having been completely suppressed in 
Acipenser. 

The dorso-posterior end of the suprapostorbital of Acipenser and the dorsal 
half of the hind end of the supraorbital both articulate with the anterior end of 
the bone called by Sewertzoff the squamosal, but as the latter bone evidently 
corresponds to the latero-sensory sphenopterotic of Polyodon fused with the 
sphenopterotic portion of the outer lateral dorsocranial of that fish, it may be 
called the dermosphenopterotic. Gregory (1933) in his extensive work on the 
skulls of Fishes calls this bone the pterotic and calls the bone that I consider to 
be the suprapostorbital (postfrontal, Sewertzoff) the dermosphenotic. The bone 
that I consider to be the dermosphenopterotic forms the lateral border of this 
part of the cranial roof, articulates dorso-mesially with the frontal and parietal 
and posteriorly with a bone called by Sewertzoff the supratemporal, but by 
me in my descriptions of Acipenser sturio the lateral extrascapular. The lateral 
extrascapular (supratemporal, Sewertzoff) articulates dorso-mesially with the 
posterior portion of the lateral edge of the parietal and with the lateral edge of 
the median bone called by Sewertzoff the dermosupraoccipital. The long 
pointed anterior end of the latter bone is wedged in between the hind ends of 
the parietals of opposite sides, and in embryos Sewertzoff found what he 
considered to be definite indications of its having been formed by the fusion of 
two bones one on either side of the head, and I found it as two independent 
bones in my adult specimen of Acipenser sturio and considered each of them to 
be a mesial extrascapular. It and the lateral extrascapular of either side are 
traversed by a complete supratemporal latero-sensory commissure each half of 
which has a markedly curved course, the hollow of the curve directed anteriorly. 
Posterior to the lateral extrascapular there is a suprascapular (posttemporal, 
Sewertzoff), this bone together with the lateral extrascapuiar corresponding to 
the extrascapulo-suprascapular of Polyodon. Posterior to Sewertzoff’s median 
dermosupraoccipital there is a median bone called by him the postoccipital. 

The so-called dermosupraoccipital of Sewertzoff’s descriptions of Acipenser 
is thus quite certainly a median bone formed by the fusion of two mesial 
extrascapulars, one on either side of the head and may accordingly be called 
the median extrascapular. Like the extrascapulars of Amia it probably lies in 
large part posterior to the otic capsule, superficial to the occipital portion of 
the chondrocranium, but separated from it by the anterior ends of the trunk 
muscles. It is accordingly improbable that it represents the dermosupra- 
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occipital of higher vertebrates, that bone being probably represented by the 
posterior parietals of certain fossil Fishes, to be considered later, fused with 
each other in the middorsal line. Furthermore, it is improbable that this so- 
called dermosupraoccipital, however formed, has had anything to do with the 
development of the endosteal supraoccipital of higher vertebrates, for Sage- 
mehl (1891, p. 519) says that the latter bone is unknown in recent Fishes and 
Amphibia excepting only in the Teleostei, and that it is there quite certainly 
of purely endosteal origin and not a dermal bone that has secondarily acquired 
primary relations with the chondrocranium. In Scomber (Allis, 1903 6) and the 


’ mail-cheeked Fishes (Allis, 1909) the dorsal limb of the endosteal supraoccipital 


is largely covered on either side by the parietal or parieto-extrascapular, this 
suggesting that these latter bones or at least some part of them, fused with 
each other in the mid-dorsal line, represent the dermosupraoccipital of higher 
vertebrates. 

The main-infraorbital canal traverses the suprascapular (posttemporal, 
Sewertzoff) and lateral extrascapular (supratemporal, Sewertzoff) their full 
lengths, anastomosing with the lateral end of the supratemporal commissure 
as it traverses the latter bone. Beyond this the canal enters the dermospheno- 
pterotic and near the anterior end of that bone turns antero-laterally and enters 
and traverses the suprapostorbital, called by Sewertzoff the dorsal portion of 
the postfrontal and by Gregory the dermosphenotic. The point where it turns 
antero-laterally lies anterior to the hind end of the frontal and the canal here 
gives off what I consider to be, as in Polyodon, a primary tubule which extends 
to the dorso-anterior edge of the dermosphenopterotic and there anastomoses 
with the hind end of the supraorbital canal. From there the latter canal runs 
forward through the frontal and nasal bones and then through that small 
latero-sensory ossicle that lies between the two external nasal apertures, this 
little ossicle thus apparently corresponding to the os terminale of Polypterus. 
The main-infraorbital canal, after traversing the suprapostorbital, traverses 
the long postorbital latero-sensory ossicle and then a large triangular-shaped 
bone that is partly postorbital and partly suborbital in position, beyond 
which it has the course described by me in Acipenser sturio, there traversing 
a chain of latero-sensory ossicles none of which has the typical positions 
of the lachrymal and antorbital bones of Amia. 

The dermosphenopterotic may now be more particularly considered. The 
posterior portion of this bone lies lateral to the parietal, the shorter anterior 
portion which encloses the primary tubule that anastomoses with the hind end 


of the supraorbital canal lying lateral to the frontal. In Amia the so-called 


squamosal of earlier descriptions, which I have lately called the dermopterotic, 
lies lateral to the parietal and corresponds to the posterior portion of the 
dermosphenopterotic of Acipenser. In Polypterus the corresponding bone has 
fused with the parietal to form what I have called the parieto-dermopterotic 
(Allis, 1922), The main-infraorbital canal, after traversing this bone in these two 
latter Fishes, lies for a short distance in a narrow band of dermal tissue that is 
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enclosed between the frontal and the bone heretofore currently called the 
postfrontal, and as the main-infraorbital traverses this band of tissue it 
anastomoses in Amia with the penultimate tubule of the supraorbital canal, but 
in Polypterus with the terminal tubule of that canal. In many of the Teleostei 
similar conditions doubtless exist, for in all of these Fishes that I have examined, 
with one or two exceptions, the supraorbital canal anastomoses with the main- 
infraorbital immediately anterior to the anterior end of the dermopterotic 
(squamosal). The so-called postfrontal of Amia and Polypterus lies directly 
upon the autosphenotic, and because of this it has lately been called by me and 
certain other authors the dermosphenotic. It does not, however, enclose any 
part of the horizontal section of the main-infraorbital canal, and hence is not the 
exact homologue either of the sphenotic portion of the dermosphenopterotic of 
Acipenser and Lepidosteus, or of the corresponding portion of the latero-sensory 
sphenopterotic of Polyodon. It corresponds in fact to the suprapostorbital and 
membranosphenotic portions of the outer lateral dorsocranial of Polyodon and 
hence may properly be called the suprapostorbito-membranosphenotic. It 
always forms part of the dorso-posterior margin of the orbital opening, which 
the dermosphenotic itself never does. The latter bone does, however, in Dipterus 
fuse with the suprapostorbital and the so formed bone forms part of the margin 
of the orbit, and in order to distinguish it from the bones in Amia and Polyp- 
terus it will be called the suprapostorbito-dermosphenotic. In the two latter 
Fishes the supraorbital canal does not pass beyond the edge of the frontal bone 
which is favourable to the view above expressed that in Polyodon and Acipenser 
the supraorbital and main-infraorbital canals are connected by a short com- 
missural canal formed by an enlarged primary tubule of the main-infraorbital. 
In Cheirolepis and Coccocephalus, to be described later, this commissural canal 
has been figured and described as a branch of the main-infraorbital, but it does 
not reach the supraorbital canal, which extends posteriorly considerably dorso- 
mesial to it. In Lepidosteus, however, there is a dermosphenopterotic similar 
to that in Acipenser. 

There are thus on either side of the dorsal surface of the head of Acipenser 
inner lateral and outer lateral rows of membrane bones and an intermediate 
row of latero-sensory ossicles developed in relation to the horizontal portion of 
the main-infraorbital canal and the posterior two-thirds of the supraorbital 
canal. Those of these latero-sensory ossicles that are developed in relation to 
the horizontal portion of the main-infraorbital canal have, however, here 
completely fused with the outer lateral row of dorsocranials, those developed 
in relation to the supraorbital canal fusing with the inner lateral row of dorso- 
cranials. The pattern of arrangement of these bones is thus in principle strictly 
similar to that in Polyodon. 
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FOSSIL CHONDROSTEI 
Chondrosteus acipenseroides 


This fish is considered by Traquair (1887) and Watson (1925) to present 
conditions intermediate between the recent Acipenseridae and the fossil 
Palaeoniscidae, but the bones on the dorsal surface of the head, as shown in 
Traquair’s figure, correspond much more to those in Amia than to those in 
Acipenser. The frontal and parietal of either side articulate in the middorsal 
line with their fellows of the opposite side, and there is no indication either of 
a pineal foramen or an epiphysalium. Lateral to the parietal and extending its 
full length there is a bone called by Traquair the squamosal and by Watson the 
supratemporal. It forms the lateral border of this part of the cranial roof, 
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does not extend anteriorly beyond the parietal and evidently corresponds to 
the pterotic portion of the dermosphenopterotic of Acipenser. The mesial half 
of its anterior edge articulates with the frontal, the lateral half of the edge 
articulating with a bone called by Traquair the posterior frontal and by 
Gregory the sphenotic. The latter bone, as shown in Traquair’s and Gregory’s 
figures, articulates antero-mesially with the frontal and antero-ventrally with 
asmall bone that forms the dorso-posterior boundary of the orbital opening 
and evidently is a diminutive suprapostorbital. The so-called posterior frontal 
(sphenotic, Gregory) must therefore correspond either to the sphenotic portion 
of a dermosphenopterotic of Acipenser or to the sphenotic portion of the 
suprapostorbito-membranosphenotic of Amia, and the conditions shown in 
Watson’s figure of this fish favour the latter view. In that figure, reproduced in 
the accompanying fig. 8, Watson shows a triangular bone which he calls the 
intertemporal. Its slightly rounded dorsal edge articulates with the lateral 
edges of the frontal and dermopterotic (supratemporal, Watson), its antero- 
ventrally presented edge forming the dorso-posterior boundary of the orbital 
opening and its ventrally presented corner articulating with the postorbital 
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(postfrontal, Watson). The course of the latero-sensory canals is not given, 
but this so-called intertemporal is evidently a suprapostorbito-membrano- 
sphenotic similar to that in Amia and apparently represents the two bones 
shown in Traquair’s figure fused with each other. It will accordingly herein- 
after be referred to as the suprapostorbito-membranosphenotic. No supra- 
orbital bone is described by either Traquair or Watson and if it has not been 
wholly broken down and dispersed in the fossil, it must be that the frontal has 
either fused completely with it or been expanded laterally far enough to replace 
and completely suppress it, for, as shown both in Traquair’s and Watson’s 
figures, the frontal forms the dorsal margin of the orbital opening. 

The dermopterotic, as above identified, articulates posteriorly with a 
lateral extrascapular, called by Traquair the supratemporal and by Watson and 
Gregory the tabular, and mesial to the latter bone there is a second and smaller 
extrascapular and then a median bone which projects forward somewhat beyond 
the line of the other bones, and is wedged in between the hind ends of the 
parietals. The two bones on either side of this median bone are quite certainly 
traversed by the supratemporal canal, and if this canal also traversed the 
median bone the latter must be a median extrascapular. If, however, the 
supratemporal canal did not enter this bone at all, there is question as to what 
it represents in other Fishes, for that it could be the endosteal supraoccipital of 
the Teleostei seems wholly improbable. Posterior to the two lateral bones of 
the extrascapular chain on each side of the head there is a supraclavicular called 
by Traquair and Watson the posttemporal and posterior to it a supraclavicular. 

The ventral corner of the triangular suprapostorbito-membranosphenotic 
(intertemporal, Watson) articulates with the dorsal end of a tubular latero- 
sensory ossicle which Watson calls the postfrontal, but it evidently corresponds 
to what I have called in both Polyodon and Acipenser the postorbital. It is 
shown by Watson articulating ventrally with a large bone called by him the . 
postorbital, this latter bone and the small tubular ossicle being shown by 
Traquair fused with each other to form what he calls the suborbital. This bone 
articulates anteriorly with a bone called by Watson the jugal which has 
definitely the position of a suborbital bone, and the latter bone articulates 
anteriorly with a triradiate bone called by Watson the lachrymal, the long arm 
of which is directed dorsally and forms the ventro-anterior border of the orbital 
opening. Dorsal to this latter bone, between it and the anterior end of the 
frontal but separated from each of these two bones by a considerable interval, 
there is a small bone called by Watson the prefrontal and anterior to the latter 
bone and the so-called lachrymal, but also separated from them by a consider- 
able interval, there is a bone called by him the antorbital or nasal. The infra- 
orbital latero-sensory canal, after traversing the postorbital and suborbital 
bones, must have entered the postero-ventrally directed arm of the triradiate 
bone just above referred to. Running upward in that arm it must have sepa- 
rated into two parts, one of which turns antero-ventrally in the antero- 
ventrally directed arm of the bone, the other running upward in the shank of 
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the bone, this being the condition shown by Watson in Coccocephalus to be 
described later. This triradiate bone thus quite certainly corresponds to the 
lachrymal and antorbital bones of Amia and Polypterus fused with each other 
and may accordingly be called the lachrymo-antorbital. The so-called ant- 
orbital or nasal bone of Watson’s descriptions is then certainly a nasal, but its 
relations to the nasal opening or openings are not shown in the figure. The 
prefrontal bone of Watson’s descriptions is evidently the homologue of the 
preorbital bone (prefrontal, Sewertzoff) of Acipenser. 


Saurichthys ornatus 
In this fish (fig. 4), which Stensié (1925a) places together with the three 
Fishes above considered in his second division of the Chondrostei, the frontal 
isa long bone with a pointed anterior end which extends forward a considerable 
distance beyond the nasal capsule on the dorsal surface of the rostral process, 
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Fig. 4. Saurichthys ornatus. Lateral view. After Stensié. 


as it does in Polyodon. Posteriorly it widens considerably as far as the inter- 
orbital region, beyond which it contracts rapidly to a small hind end which 
articulates with the anterior edge of the anterior one of two small bones which 
lie one directly posterior to the other and are considered by Stensié to form 
together the parietal. Mesially it articulates with its fellow of the opposite side, 
laterally it articulates throughout something more than half its length with the 
dorso-mesial edge of a bone called by Stensié the nasalo-antorbital, posterior to 
which it first articulates laterally with a small supraorbital bone, then with a 
so-called dermosphenotic, and beyond that with the antero-mesially presented 
anterior part of the dorso-mesial edge of a bone called by Stensié the supra- 
temporo-intertemporo-extrascapular. The lateral edge of the latter bone forms 
the lateral border of this part of the dermal roof of the head and at about its 
anterior third forms the dorso-mesial boundary of the spiracular opening. 
Anterior to this opening the bone expands laterally to form a projecting 
portion that corresponds to the lateral half of what I have called in Polyodon 
the suprapostorbito-membranosphenotic portion of the outer lateral dorso- 
cranial, the hind edge of this expanded portion of the bone of Saurichthys 
forming the anterior boundary of the dorsal half of the spiracular opening. The 
anterior end of the bone articulates with the so-called dermosphenotic and its 
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hind end with the suprascapular. Its dorso-mesial edge is convex, articulates 
anteriorly with the posterior portion of the lateral edge of the frontal, posterior 
to that with the lateral edges of the two small bones that are considered by 
Stensid to form together the parietal, beyond which it articulates first 
in the middorsal line with its fellow of the opposite side and then with the 
antero-laterally presented edge of the mesial extrascapular of its side of the 
head. The mesial extrascapular articulates in the median line with its fellow of 
the opposite side, articulates antero-laterally with the dorso-mesial edge of 
the so-called supratemporo-intertemporo-extrascapular, postero-laterally with 
the suprascapular and posteriorly with the anterior one of a median line of 
so-called dorsal ridge-scutes. It is traversed dorso-mesially by the supra- 
temporal canal which anastomoses in the median line with its fellow of the 
opposite side. The anterior end of this bone forms with that of its fellow of the 
opposite side a’ large median pointed process wedged in between the hind ends 
of the so-called supratemporo-intertemporo-extrascapulars of opposite sides. 
This bone of Sawrichthys thus corresponds topographically to half of the median 
extrascapular (dermosupraoccipital, Sewertzoff) of Acipenser and may ac- 
cordingly be called the mesial extrascapular. The suprascapular articulates 
anteriorly with the hind end of the so-called supratemporo-intertemporo- 
extrascapular and with the postero-laterally presented edge of the mesial 
extrascapular. Posteriorly it articulates with the supraclavicular (supra- 
cleithrum, Stensi6), and both it and the latter bone are traversed their full 
lengths by the main-infraorbital canal. The latter canal, after traversing these 
two bones, enters the hind end of the so-called supratemporo-intertemporo- 
extrascapular and there almost immediately anastomoses with the lateral end 
of the supratemporal canal, beyond which it continues onward to the anterior 
end of the bone where it turns downward to enter and traverse the postero- 
ventral corner of the bone called by Stensié the dermosphenotic. The latter 
bone lies latero-ventral to the line of the horizontal portion of the main- 
infraorbital canal and extends forward nearly to the middle of the dorsal edge 
of the orbital opening, where it articulates with the hind edge of a small bone 
called by Stensié the supraorbital. These two bones, the so-called supraorbital 
and dermosphenotic, together correspond topographically to the supraorbital 
and suprapostorbital of Acipenser, but the line separating these two bones 
from each other lies much farther forward in Saurichthys than in Acipenser. 
The so-called dermosphenotic of Saurichthys is therefore more properly 4 
supraorbito-suprapostorbital and may be so referred to. 

When the main-infraorbital canal leaves the supraorbito-suprapostorbital 
it enters and traverses two bones that are postorbital in position and beyond 
that enters a bone called by Stensié the lachrymal. The latter bone begins near 
the hind edge of the orbital opening and from there extends forward beyond 
that opening nearly to the transverse plane of the posterior nasal opening where 
it articulates with the hind end of a bone called by Stensié the rostralo- 
premaxillary. The dorsal edge of this so-called lachrymal presents anterior and 
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posterior portions both of which are concave and meet to form a short, sharp 
and relatively wide triangular process which forms the ventral portion of the 
anterior margin of the orbit. Posterior to this process the bone forms the 
ventral margin of the orbital opening and is hence there definitely suborbital 
in position, the concave dorsal edge of its anterior portion articulating with the 
rounded ventro-posterior corner of the bone called by Stensié the nasalo- 
antorbital. The latter bone is triangular in shape with a long and pointed end 
which extends forward on to the dorsal surface of the rostral process nearly to 
the anterior end of the frontal. Its hind end is broad, has a sharply pointed 
dorso-posterior corner and a rounded ventro-posterior one. The dorsal portion 
of its hind edge articulates with the convex anterior edge of the supraorbital, 
its rounded postero-ventral corner articulating with the concave dorsal edge of 
the anterior portion of the so-called lachrymal, that portion of the edge of the 
bone that lies between these two regions forming the anterior border of the 
orbital opening. The bone articulates dorsally throughout its entire length 
with the frontal and ventrally with the rostralo-premaxillary, and it is per- 
forated somewhat posterior to the middle of its length by two nasal openings, 
a large anterior and a small posterior one, these two openings being separated 
from each other by a narrow bar of bone that forms part of the so-called 
nasalo-antorbital. The main-infraorbital canal, after entering the so-called 
lachrymal, runs forward to about the middle of the length of the concave 
dorsal edge of the anterior portion of the bone, where it enters the ventral edge 
of the so-called nasalo-antorbital and curving slightly antero-dorsally so 
extends to a point ventral to and between the two nasal openings, where it 
anastomoses with the anterior end of the supraorbital canal. Anterior to this 
the canal turns antero-ventrally, thus forming a sharp angle with the posterior 
portion of the canal, and enters and traverses in a horizontal direction the 
rostralo-premaxillary to the anterior end of that part of this bone which has been 
preserved in the fossil. The canal, as it traverses the latter bone, lies dorso- 
mesial to the line of the premaxillary teeth, the pores of the canal accordingly 
opening on the dorsal surface of the snout and not, as in Polyodon and Aci- 
penser, on its ventral surface. Furthermore, the mouth of this fish is shown as 
terminal, while in Polyodon and Acipenser it is definitely ventral in position. 
The supraorbital canal, starting from its point of anastomosis with the main- 
infraorbital, extends dorsally in the narrow bar of bone that separates the two 
nasal openings, beyond which it turns postero-dorsally to enter the frontal, and 
continues dorso-posteriorly in that bone to a point approximately dorso-mesial 
to the middle of the orbital opening where it ends. 

The so-called lachrymal of Stensié’s descriptions of this fish corresponds to 
the suborbital (jugal, Watson) of Chondrosteus together with the ventral portion 
of the triradiate lachrymo-antorbital of that fish, the dorsal limb of the latter 
bone being greatly reduced if not wholly suppressed in Saurichthys. The so- 
called nasalo-antorbital of Saurichthys corresponds topographically to the 
posterior outer lateral dorsorostral of Acipenser completely fused with the 

17—2 


tes 
ior 
by 
rst 
che 
che 
of 
of 
ith 
of 
ra- 
che 
the 
ids 
es, 
an 
ac- 
tes 
ro- 
ial 
ra- 
ull 
ese 
ro- 
nd 
ior 
ro- 
ter 
in- 
lge 
me 
tal 
tal 
nes 
er. 
tal 
nd 
ear 
nd 
ere 
lo- 
nd 


252 Edward Phelps Allis, Jr 


nasal and preorbital (prefrontal, Sewertzoff) bones of that fish together with 
the independent latero-sensory ossicle that in Acipenser lies in the dermal 
bridge between the anterior and posterior external nasal apertures. That part of 
the preorbital (prefrontal, Sewertzoff) of Acipenser that projects ventrally 
between the orbital and nasal openings has apparently been prolonged ventrally 
and expanded both anteriorly and posteriorly so as to occupy the entire space 
between the orbital and nasal openings. Its ventral edge is traversed by a part 
of the main-infraorbital canal that corresponds to part of the antorbital 
latero-sensory canal of Amia and Polypterus. The bone may accordingly be 
called the nasalo-preorbital. 

Comparing the conditions in this fish with those in Acipenser it is evident 
that the outer lateral rows of dorsocranials of these two fishes are strictly 
equivalent, but that the inner lateral dorsocranials differ markedly from each 
other if the so-called parietals and supratemporo-intertemporo-extrascapulars 
of Saurichthys have been correctly interpreted by Stensié. There is, however, 
some question as to this, for the four small bones, two on either side of the 
head, considered by Stensié to be parietals strongly suggest the epiphysalia 
of Luther’s descriptions of Acipenser and hence also the single median epi- 
physalium of Sewertzoff’s descriptions of the same fish. This latter bone is 
evidently one of the median dorsal line of membrane bones and is in fact called 
by Sewertzoff in Acipenser the posterior mediodorsal. In the latter fish it lies 
not far from the hind ends of the frontals and this is practically the relation of 
the pineal (epiphysial) fontanelle to the frontals in Polyodon. The fontanelle of 
Polyodon, however, lies approximately in the transverse plane of the anterior 
edges of the orbital openings, while the epiphysalium of Acipenser lies posterior 
to those openings, and if it were to shift but slightly farther posteriorly it would 
have the position of the so-called parietals of Saurichthys. These latter bones lie 
on the dorsal surface of the chondrocranium immediately posterior to a 
fontanelle in the roof of the cranial cavity, the dorsal end of the epiphysis lying 
immediately anterior to the fontanelle. These bones of Saurichthys thus do 
not lie directly superficial to the fontanelle, but it nevertheless seems quite 
certain that they are in reality epiphysalia and not parietals, and if this be so, 
the parietal of either side must be represented in the wide dorso-mesially 
projecting flange of the so-called supratemporo-intertemporo-extrascapular, 
and this seems to be the correct interpretation of the conditions in this fish. The 
so-called supratemporo-intertemporo-extrascapular would then be a parieto- 
dermosphenopterotic-extrascapular, and the pattern of arrangement of the 
bones on the dorsal surface of the head of this fish would be practically the 
same as that in Polyodon and Acipenser. The one serious objection to this 
interpretation of the conditions would seem to be that Stensié definitely 
describes on his so-called parietals grooves that he considers to indicate middle 
and posterior head lines of pit organs. 

There is in Sawrichthys, as in Polyodon, a preoperculo-mandibular canal and 
it is here enclosed in a well-developed preoperculum. The supraorbital canal of 
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this fish does not anastomose with the main-infraorbital posterior to the orbit, 
as it does in both Acipenser and Polyodon, and it may here be stated that this 
is characteristic of all of the fossil Chondrostei considered in the present work 
in which the supraorbital canal has been described. 


Cheirolepis trailli 
This fish is said by Watson (1925) to be the oldest known palaeoniscid and 
the accompanying fig. 5 is a reproduction of his figure giving a lateral view of 
the skeleton of the head. In this figure the anterior end of the head has the 
appearance of having been cut off transversely in such a manner that its 


so.spo.msph. 
Fig. 5. Cheirolepis trailli. Lateral view. After Watson. 


anterior surface is presented antero-ventrally. The dorsal end of the median 
line of this antero-ventrally presented surface has the appearance in lateral 
view of forming the tip of the snout, but in dorsal view it is seen that the 
anterior edge of the dorsal surface of the head is broad and but slightly 
rounded. At the ventral edge of this antero-ventrally presented surface there 
is on either side a so-called premaxillary, the bones of opposite sides articulating 
with each other in the median line, and immediately dorsal to them there is on 
either side a transversely placed so-called rostral, these two bones being tra- 
versed their full lengths by the ethmoidal cross-commissural canal. The two 
so-called rostrals have no exact equivalents in Polyodon and Acipenser, but they 
must be represented in certain of the latero-sensory ossicles which in those two 
fishes enclose the prenasal portions of the main-infraorbital canals. The 
ethmoidal commissure of Polyodon and Acipenser, however, either perforates or 
crosses the tip of the rostral process instead of lying at its base, as it does in 
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Cheirolepis, and simple growth forward of the snout of the latter fish could not 
give origin to the snout of either Polyodon or Acipenser. 

The premaxillary and rostral bones occupy approximately the ventral two- 
thirds of the antero-ventrally presented surface of the snout, and immediately 
dorsal to the two rostrals and articulating with them there is an anterior 
median dorsorostral, called by Watson postrostral II, which first extends 
dorso-anteriorly to the anterior edge of the snout and there bends dorso- 
posteriorly on to its dorsal surface and contracting slightly in width arti- 
culates posteriorly with a posterior dorsorostral called by Watson the 
postrostral I. 

The frontal and parietal of either side articulate in the middorsal line 
throughout their entire lengths with their fellows of the opposite side and there 
is no indication of a pineal foramen. The parietal articulates posteriorly with a 
transversely placed bone called by Watson the tabular which is traversed its 
full length by the supratemporal canal, and its lateral end is shown traversed by 
the main-infraorbital canal in Watson’s figure giving a lateral view of the skull, 
but not so traversed in his figure giving a dorsal view. It is nevertheless quite 
certainly the homologue of the extrascapular of Amia. Posterior to it there is a 
large suprascapular (posttemporal, Watson) and posterior to that a supra- 
clavicular (supracleithrum, Watson) both of which are traversed by the main- 
infraorbital canal. 

Lateral to the parietal there is a bone that apparently corresponds strictly 
to the dermopterotic of Chondrosteus, but it does not extend quite to the 
anterior end of the parietal. It is called by Watson the supratemporal, and 
anterior to it and lateral to the anterior end of the parietal and the posterior 
end of the frontal there is a small bone called by him the intertemporal. The 
main-infraorbital canal, after traversing the dermopterotic its full length, enters 
this so-called intertemporal and at about the middle of its length turns antero- 
ventrally to enter and traverse the suprapostorbital portion of a bone called by 
Watson the postfrontal. At the point where it turns antero-ventrally it gives 
off a short branch canal which extends to the antero-mesial edge of the so- 
called intertemporal and there ends. This branch canal evidently corresponds 
to that primary tubule of the main-infraorbital canal of Polyodon and Acipenser 
which I have considered to form a commissural connection between the main- 
infraorbital and supraorbital canals. The conditions in Cheirolepis would thus 
seem to confirm this conclusion, for the branch canal does not here even 
approach any part of the supraorbital, and that it can be a detached part of 
that canal seems wholly improbable. The little so-called intertemporal bone 
does not come into bounding relations to the orbital opening, being completely 
shut off from it by the so-called postfrontal. Accordingly, in its relations to 
adjacent bones and to the latero-sensory canals, it corresponds strictly to the 
sphenotic portion of the dermo-sphenopterotic of Acipenser, and hence may be 
called the dermosphenotic. It is not the homologue either of the bone called by 
Watson the intertemporal in Chondrosteus or of the three bones called by him 
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the intertemporals in Oxygnathus, for it takes no part in the formation of the 
bounding wall of the orbital opening. 

The bone called by Watson the postfrontal and above referred to is re- 
latively long. As shown in lateral view it articulates anteriorly with the pre- 
orbital (prefrontal, Watson) alone, but in dorsal and frontal views it articulates 
with the preorbital and the nasal (antorbital or nasal, Watson). Dorso-mesially 
it articulates with the lateral edges of the frontal, dermosphenotic and dermo- 
pterotic. Posteriorly it is overlapped externally by the dorsal end of a bone 
called by Watson bone Y, and it is traversed transversely at about the middle 
of its length by the dorsal portion of the postorbital section of the main- 
infraorbital canal which makes a sharp bend as it traverses the bone. This so- 
called postfrontal thus corresponds to the supraorbital and suprapostorbital 
portions of the outer lateral dorsocranial of Polyodon together with the pre- 
spiracular process of that bone, the sphenopterotic portion of the bone of 
Polyodon here apparently having fused completely with the overlying latero- 
sensory ossicles to form the dermosphenotic and dermopterotic. The bone Y, 
if traversed by the dorsal portion of the preopercular canal, as I concluded in 
an earlier work (Allis, 1928), would correspond to the dorsal ones of the pre- 
opercular latero-sensory ossicles of Polyodon, but if it is not so traversed it 
would apparently correspond to the spiracular bone of Polypterus. The spiracle 
lies immediately dorso-posterior to the dorsal end of this bone Y. 

The main-infraorbital canal after having traversed transversely the supra- 
orbito-suprapostorbito-membranosphenotic (postfrontal, Watson) enters and 
traverses a long postorbital bone and then a suborbital, called by Watson the 
jugal, beyond which it enters and ends in a lachrymal where, as shown in the 
figure, it is represented by two short independent sections of the canal. The 
latter bone forms part of the anterior boundary of the orbital opening, arti- 
culates dorsally with the preorbital, called by Watson the prefrontal, and 
anteriorly both with the so-called antorbital or nasal and the lateral end of the 
rostral. The so-called antorbital or nasal articulates dorso-posteriorly with the 
lateral half of the anterior end of the frontal, articulates latero-posteriorly with 
the preorbital and lachrymal, antero-mesially with both the posterior and 
anterior median dorsorostrals and antero-ventrally by its small anterior end 
with the dorsal edge of the lateral end of the rostral. A single nasal opening is 
indicated by dotted lines in a frontal view of the head given by Watson, there 
lying between the so-called antorbital or nasal and the anterior median dorso- 
rostral near the anterior ends of these two bones, the anterior end of the so- 
called antorbital or nasal thus here lying latero-posterior to the nasal opening. 
The supraorbital canal which begins with a free hind end near the middle of the 
parietal traverses that bone and the frontal and then enters the so-called ant- 
orbital or nasal and extends nearly to its anterior end, the anterior end of the 
canal lying latero-posterior to the nasal opening. This bone is thus evidently 
anasal and its small anterior end has to the single nasal opening shown in the 
figure the relations that the narrow bone enclosing the anterior end of the 
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supraorbital canal in Polyodon and Acipenser has to the anterior nasal aper- 
ture of those fishes. This suggests that there was in this fish, as in the other two 
and also certainly in most of the fossil Chondrostei, a posterior nasal opening 
and that it lay between the nasal bone and the dorsally projecting anterior end 
of the lachrymal, that end of that bone then corresponding to what I have called 
in Chondrosteus the shank of the lachrymo-antorbital. The conditions in Cheiro- 
lepis would then not here be exceptional, as I was led in my recent work 
(Allis, 1934) to consider them to be. 


Fig. 6. Coccocephalus wildi. Lateral view. After Watson. 


Coccocephalus wildi 


In this fish, as described by Watson (1925) and shown in the accompanying 
fig. 6, bones corresponding to the rostrals and anterior and posterior median 
dorsorostrals of Cheirolepis have apparently fused with each other to form a 
single median bone a small posterior portion of which is all that is preserved 
in the fossil and is called by Watson the postrostral. The frontal articulates 
anteriorly with this bone and with a bone called by Watson the antorbital or 
nasal. Its hind edge is concave, the hollow of the curve directed postero- 
laterally and articulating with the convex antero-mesial edge of the parietal. 
Its postero-mesial corner is small and extends to the line of the hind edge of 
the parietal, it and its fellow of the opposite side completely separating the 
parietals from each other. Each of the latter bones is triangular in shape with 
a convex antero-mesial edge and nearly straight posterior and lateral edges, 
the lateral edge articulating with a dermopterotic, called by Watson the 
supratemporal. 

Posterior to the parietal and dermopterotic of either side there are four 
bones called by Watson the tabulars and although a supratemporal commissure 
is not described in this fish, the lateral one of the four bones is quite certainly 
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alateral extrascapular and the next mesial one also an extrascapular, but there 
would seem to be some question as to the homology of the two bones lying 
immediately mesial to the latter bone. They lie one behind the other and to- 
gether with the corresponding two bones on the opposite side of the head form 
a group that lies immediately posterior to the small hind ends of the frontals 
and strongly suggest the four bones in Saurichthys called by Stensié the 
parietals, but which I have considered probably to be epiphysalia similar to 
those in Acipenser. 

Lateral to the lateral edge of the frontal and extending nearly its full length 
there is a dermosphenotic, called by Watson the intertemporal, the hind edge of 
which articulates with the anterior end of the dermopterotic, its anterior edge 
articulating with the bone called by Watson the antorbital or nasal. Laterally 
it articulates with three bones two of which are called by Watson the prefrontal 
and postfrontal, the third one being said by him to probably represent bone Y 
of Cheirolepis. The main-infraorbital canal, after traversing the dermopterotic 
throughout its entire length, enters the hind end of the dermosphenotic where it 
turns downward to enter the bone called by Watson the postfrontal. As the 
canal turns downward in the dermosphenotic a short branch is sent antero- 
mesially as in Cheirolepis, but it does not reach the mesial edge of the bone. 
The bone above referred to as the prefrontal apparently corresponds to the 
preorbital process and one half of the supraorbital portion of the outer lateral 
dorsocranial of Polyodon, the so-called postfrontal corresponding to the other 
half of the supraorbital portion of the bone of Polyodon together with the 
suprapostorbital portion of that bone. The so-called bone Y would then 
correspond to the pre-spiracular process of the sphenotic portion of the bone 
of Polyodon, and would lie immediately anterior to the spiracular opening. 

The main-infraorbital canal, after leaving the dermosphenotic (inter- 
temporal, Watson), traverses transversely near its hind end the bone above 
referred to as the supraorbito-suprapostorbital and then enters and traverses 
postorbital and suborbital bones, beyond which it enters a bone called by Watson 
the lachrymal. The latter bone is Y-shaped and corresponds to that triradiate 
bone of Chondrosteus that I have called the lachrymo-antorbital. The shank of 
the Y is directed dorsally, lies between the orbital and nasal openings and 
articulates dorsally with the preorbital (prefrontal, Watson). The arms of the 
Y are directed, the one postero-ventrally, and the other antero-ventrally from 
the ventral end of the shank. The main-infraorbital canal, after leaving the 
suborbital bone, enters the postero-ventrally directed arm of the Y and after 
traversing that arm separates into two branches, one of which runs upward in 
the shank of the Y, the other running anteriorly in the antero-ventrally 
directed arm, beyond which it probably traversed a rostral bone similar to that 
in Cheirolepis, but this is not shown in the figure. 

The so-called antorbital or nasal bone of Watson’s descriptions is triangular 
in shape, the dorsal portion of its hind edge articulating with the dorso-mesial 
edge of the anterior portion of the preorbital (prefrontal, Watson). Ventral to 
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this, the hind edge of the bone articulates with the shank of the Y-shaped 
lachrymo-antorbital and ventral to that forms the anterior margin of the single 
nasal opening shown in the figure. Dorso-mesially it articulates with the small 
anterior end of the dermosphenotic, with the lateral half of the anterior end of 
the frontal and with the lateral edge of a bone called by Watson the post- 
rostral, articulating ventrally with a part of the latter bone and with the dorsal 
edge of the antero-ventrally directed arm of the Y-shaped lachrymo-ant- 
orbital. The supraorbital canal begins posteriorly in the parietal and running 
forward from there through the parietal and frontal enters the so-called 
antorbital or nasal and traverses it nearly but not quite to its ventral edge. The 
single nasal opening that is described and figured in this fish lies between the 
hind edge of this bone and the anterior edge of the ventral portion of the shank 


of the Y-shaped lachrymo-antorbital. In Nematoptychius, which is also one of 


the palaeoniscids, Traquair (1877) describes and figures a single nasal opening, 
but it lies immediately anterior to the anterior edge of a bone that corresponds 
strictly to the bone here under consideration in Coccocephalus, while in Birgeria, 
to be considered immediately below, Stensié shows two nasal openings, one on 
either side of a corresponding bone. This bone of Coccocephalus is thus certainly 
a nasal and not an antorbital bone, and it is quite certain that there were two 
nasal openings in both Coccocephalus and Nematoptychius, as there are in 
Birgeria. Furthermore, as stated in my recent work (Allis, 1928), it is quite 
probable that the so-called posterior one of these two nasal openings did not 
lead directly into the nasal capsule, being simply a break in the dermal bones 
similar to that in Amia and Polypterus, the posterior external nasal aperture 
lying in the dermis directly superficial to it and the posterior nasal passage 
leading from it into the nasal capsule. In both Amia and Polypterus, the 
latero-ventral edge of the nasal bone lies immediately dorso-mesial to this 
posterior nasal passage and if the latero-ventral edge of the bone were to be 
slightly extended ventrally it would cover superficially that passage, and the 
two breaks in the dermal shield would then appear as anterior and posterior 
nasal apertures. | 
Birgeria groenlandica 

In Birgeria groenlandica, as described by Stensié (1932) and shown in the 
accompanying fig. 7, the anterior end of the skeleton of the head is presented 
antero-ventrally as it is in Cheirolepis and Coccocephalus, but in Birgeria this 
surface is completely covered on either side by the premaxillary and a narrow 
transversely placed bone that Stensié calls the rostral. Dorso-posterior to the 
two rostral bones, one on either side of the head, there is a median triangular 
dorsorostral, called by Stensié the postrostral, the pointed hind end of which 
fits in between the anterior ends of the frontals. The frontal of either side is a 
long bone which extends from here posteriorly to the hind end of that part of 
the skull that is preserved in the fossil. It diminishes gradually in width 
toward its hind end and there lies dorso-mesial to the small oval parietal of its 
side of the head, the two frontals completely separating the parietals from each 
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other. The supraorbital canal begins at the centre of the frontal and running 
forward through it enters a bone index-lettered in the figure as the antorbital, 
but called by Stensié in the text the nasal. The anterior portion of the frontal 
articulates laterally with two small bones called by Stensié the supraorbitals. 
Posterior to this the frontal articulates laterally with a bone called by him the 
dermosphenotic and then with the dorso-mesial edge of the anterior portion of 
along bone called the supratemporo-intertemporal. Beyond this it articulates 
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Fig. 7. Birgeria groenlandica. Lateral view. After Stensié. 


with the mesial edge of the parietal, the latter bone articulating laterally with 
the supratemporo-intertemporal at about the middle of its length. The parietal 
is a relatively small oval bone completely separated from its fellow of the 
opposite side and suggesting somewhat in shape and position the lateral 
parietal of Dipterus. 

The main-infraorbital canal enters the so-called supratemporo-intertemporal 
at its hind end and running forward in it enters the so-called dermosphenotic, 
where it turns latero-ventrally and enters the dorsal one of the infraorbital 
chain of bones, these bones not being well preserved in the fossil. Between the 
so-called dermosphenotic and the orbital opening there is a line of small bones 
called by Stensié the anterior dermosphenotic plate, these bones forming a 

direct posterior prolongation of the supraorbital bones and extending the full 
length of the orbital edge of the so-called dermosphenotic. This line of bones 
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thus evidently corresponds to that part of the supraorbito-suprapostorbito- 
membranosphenotic (postfrontal, Watson) of Cheirolepis that lies between the 
suprapostorbital portion of the main-infraorbital canal and the orbital opening. 
The so-called dermosphenotic would then correspond to the dermosphenotic of 
Cheirolepis together with that part of the suprapostorbito-membranosphenotic 
of that fish that encloses the related portion of the main-infraorbital canal, and 
may accordingly be called the suprapostorbito-dermosphenotic. Posterior to it, 
there is a bone called by Stensié the supraspiracular plate which corresponds 
to the prespiracular process of the sphenotic portion of the outer lateral 
dorsocranial of Polyodon, the spiracle lying immediately ventral to its anterior 
end. The so-called supratemporo-intertemporal of Stensié’s descriptions is 
accordingly either simply a dermopterotic, as the corresponding bone is in 
Cheirolepis and Coccocephalus, or a dermopterotic fused with a lateral 
extrascapuiar. 

Stensié shows indefinitely two postorbital and two suborbital bones and 
anterior to them a so-called antorbital that lies ventral to the posterior nasal 
opening and extends forward about half way between that opening and the 
anterior one. Near its hind end there is a short but relatively wide projection 
on its dorsal edge which reaches upward to the level of the ventral edge of the 
posterior nasal opening. There it articulates with the base of a slender triangular . 
bone which projects upward between the orbital and posterior nasal openings 
and ends in a sharp point. The infraorbital portion of the main-infraorbital 
canal, after traversing the postorbital and suborbital bones, enters this so-called 
antorbital where it turns upward, reaches the dorsal edge of the short projection 
on the dorsal edge of the bone and there ends, giving off close to its dorsal end a 
branch that runs forward to the anterior end of the bone and there, as shown in 
the figure, ends. It is, however, quite probable, as Stensié suggests, that the 
canal continued onward in the transverse rostral bone. The canal, as shown in 
the figure, does not enter the slender triangular bone that lies between the 
orbital and posterior nasal openings, but comparison with Coccocephalus would 
seem to indicate that it must have continued upward in this bone and that this 
bone and the so-called antorbital together form a lachrymo-antorbital. The 
nasal bone is a triangular bone the base of which lies between the posterior and 
anterior nasal openings. Its dorso-posterior corner articulates with the lateral 
half of the anterior edge of the frontal, its mesial edge articulating with the 
median dorsorostral. The dorsal portion of its hind edge articulates with the 
anterior edge of the anterior supraorbital, ventral to that it forms part of the 
anterior border of the orbital opening and then the anterior margin of the 
posterior nasal opening. Its ventral edge is broad, its posterior portion arti- 
culating with the dorsal edge of the antorbital portion of the lachrymo- 
antorbital and anterior to that articulating with the dorsal edge of the rostral. 
The supraorbital canal, after traversing the frontal, enters this nasal bone near 
its dorso-posterior corner and continues downward in it to its ventral edge, 
there lying between the two nasal openings. This bone of Birgeria thus corres- 
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ponds to that in Coccocephalus and Nematoptychius and it must be that the two 
nasal openings shown in this fish were present also in the other two, as just 
above stated. The so-called posterior nasal opening is quite probably, as in 
Coccocephalus and Nematoptychius, simply a break in the dermal bones similar 
to that in Amia and Polypterus. 


Perleidus woodwardi 


In Perleidus woodwardi described by Stensié (1921) and shown in the 
accompanying fig. 8, the anterior end of the skeleton of the head is presented 
antero-ventrally as it is in the Palaeoniscidae considered above. On each side 
of the anterior end of the head there is what Stensié calls the rostral bone and 
he says that between these two bones there probably were a number of inter- 


~ 


Fig. 8. Perleidus woodwardi. Lateral view. After Stensié. 


rostrals, but that they have completely fused with the median bone lying 
immediately posterior to them, which he calls the nasalo-postrostral plate. The 
anterior portion of this plate is said to be traversed by a V-shaped cross- 
commissural canal connecting the anterior ends of the main-infraorbitals, 
the point of the V directed dorso-posteriorly, and as thus described and figured 
it so closely resembles the ethmoidal cross-commissural canal of Amia that in 
my recent work (Allis, 1984) I considered it to be the homologue of that canal. 
No such V-shaped canai is, however, shown in the closely related Perleidus 
stoschiensis (Stensid, 1982) nor in any of the other fishes of this group described 
by him and Brough (1931). In Broughia perleididoides Stensié (1982), however, 
shows in similar position and of similar shape what he calls an interspace 
between the hind end of a small hypothetical median rostral plate and two 
bones, one on either side of the head, which he considers to be nasals. The 
antero-ventral edge of the so-called hypothetical median rostral plate of this 
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fish is shown traversed by a horizontally placed ethmoidal commissure and it 
seems quite certain, as will be explained when considering this fish, immediately 
below, that the two so-called nasals are each a posterior inner lateral dorso- 
rostral fused with the related nasal. This suggests that the so-called ethmoidal 
canal of Perleidus is in reality an interspace similar to that in Broughia and if 
this be correct the plate‘formed in Perleidus by the fusion of the interrostrals 
with the so-called nasalo-postrostral must be, in reality, two bones, a small 
anterior median rostral plate similar to that in Broughia and a median post- 
rostral formed by the fusion of two posterior inner lateral dorsorostrals. The 
entire plate of Perleidus may accordingly be referred to as the rostralo- 
postrostral, this being the name given by Stensi6 to a corresponding plate in 
Perleidus stoschiensis. The posterior edge of this plate is nearly straight and 
articulates on either side with the mesial half of the anterior edge of the related 
frontal, the lateral half of this edge of each frontal articulating with a bone 
called by Stensié the antorbital. 

The frontal of either side extends posteriorly from the hind edge of the 
rostralo-postrostral plate to the anterior edge of the parietal, the latter bone 
having only about half the length of the frontal and articulating posteriorly 
with a narrow transversely placed extrascapular. The parietal and the posterior 
portion of the frontal articulate laterally with a long bone called by Stensié the 
supratemporo-intertemporal. The main-infraorbital canal, after traversing the 
lateral edge of the extrascapular, enters this bone and continues forward in it 
nearly to its anterior end, where it turns ventro-laterally and enters a bone 
called by Stensié the dermosphenotic. There is no short branch shown extending 
antero-dorsally from the main-infraorbital canal at the bend between its 
horizontal and postorbital portions, as there is in both Cheirolepis and Cocco- 
cephalus, but the anterior portion of this bone of Perleidus certainly corresponds 
to the independent dermosphenotic of the two latter fishes, its posterior portion 
corresponding to the dermopterotic of those fishes. This bone of Perleidus is 
therefore a dermosphenopterotic similar to that in Acipenser, and as in that fish 
it does not come into bounding relations to the orbital opening. The lateral edge 
of the sphenotic portion of this bone and the corresponding edge of the anterior 
two-thirds approximately of the frontal articulate laterally with a line of 
bones the number of which Stensié could not definitely determine because of 
their somewhat crushed and broken condition. He, however, here definitely 
shows in his figure three bones, the posterior end of the middle one of which is 
traversed by the dorsal portion of the postorbital section of the main-infra- 
orbital canal. These three bones are therefore a supraorbital, a supraorbito- 
suprapostorbital and a prespiracular, as in Coccocephalus, and they together 
correspond to parts of the outer lateral dorsocranial of Polyodon. The pre- 
spiracular bone is considered by Stensié probably to have been subdivided into 
two and he refers to them as the “probably so-called suborbitals.”’ 

The main-infraorbital canal, after leaving the supraorbito-suprapostorbital, 
as above identified, traverses a postorbital bone and then a suborbital one, 
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beyond which it enters and traverses the bone called by Stensié the rostral, 
anastomosing as it traverses it with the anterior end of the supraorbital canal. 
This so-called rostral extends forward to the transverse level of the ventral one 
of two nasal openings and there articulates with the lateral edge of the rostral 
portion of the median rostralo-postrostral plate. It thus evidently corresponds 
to what I have called in Coccocephalus the lachrymo-antorbital, but there is in 
Perleidus no process arising from its dorsal edge and projecting upward along 
the anterior margin of the orbital opening, and there is also no corresponding 
upward bend in the main-infraorbital canal as it traverses this bone. The so- 
called antorbital, later considered by Stensié to be a nasal, is a triangular bone 
the antero-mesial edge of which articulates with the median rostralo-postrostral 
and there are two nasal openings lying between these two bones along the line 
of articulation. The narrow dorso-posterior edge of the bone articulates with 
the lateral portion of the anterior edge of the frontal, the hind edge of the bone 
articulating dorsally with the anterior edge of the supraorbital and ventral to 
that forming the anterior margin of the orbital opening. Ventrally it articulates 
posteriorly for a short distance with the dorsal edge of the anterior end of the 
suborbital bone and anterior to that with the dorsal edge of the lachrymo- 
antorbital (rostral, Stensid) throughout its entire length. The supraorbital canal 
begins in the parietal and running forward through that bone and the frontal 
enters the so-called nasal at its dorso-posterior end, and running downward in 
it near its antero-mesial edge passes posterior to the two nasal openings and 
entering the lachrymo-antorbital (rostral, Stensid) falls into the main-infra- 
orbital as it traverses that bone. 

The so-called nasal of this fish thus has the general shape and position of the 
nasals of Coccocephalus and Birgeria, but there is here nothing that corresponds 
to the ascending process of the lachrymo-antorbital of the latter fishes and no 
slightest indication of a posterior nasal opening between this bone and the orbit. 
It nevertheless seems quite probable that there was such an opening close to, or 
even actually in the wall of the orbital opening, as there is in both Platysomus 
parvulus (Watson, 1928) and Bobasatrania (Stensi6, 1932), the nasal bone in 
each of the latter fishes lying immediately anterior to this opening. If this be 
correct, the bone in Perleidus, like that in the other two fishes, is a nasal and 
the two nasal openings that actually lie anterior to it are secondary subdivisions 
of the primarily anterior opening, and it may be noted that the posterior nasal 
opening in each of these three fishes has the relations to the eye and nose of a 
lachrymal canal. If, however, there was no posterior nasal opening in Perleidus, 
the so-called nasal would be, as in Saurichthys, a nasalo-preorbital. 


CATOPTERIDAE 


Brough, in 1931, described and figured the cranial roofing bones in three of 
these fishes, Helicthys elegans, H. ctenipteryx and Catopterus redfieldi, and a 
second work by him has just appeared (1934) in which these bones are described 
in Doedalicthys higginsi and Atopocephala watsoni. The anterior end of the snout 
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was so crushed in the first three fishes that its outlines could not be determined, 
but in the last two it was well preserved. The conditions in these two fishes will 
accordingly be first considered. 

The accompanying fig. 9 gives dorsal and lateral views of the skuil of 
Doedalichthys and it is seen that the anterior surface of the skull is presented 


Fig. 9. Doedalichthys higginsi. Dorsal and lateral views. After Brough. 


antero-ventrally as it is in all of the fossil Chondrostei considered above, 
excepting only Saurichthys. On the dorsal surface of the snout there 
is a posterior median dorsorostral and on the dorsal portion of its antero- 
ventrally presented surface an anterior median dorsorostral, these two bones 
articulating with each other slightly below the edge of the snout. A single 
nasal opening is shown on each side of the head, and the posterior 
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median dorsorostral fills the entire space on the dorsal surface of the head, 
between these openings, the bone thus forming the mesial and part of 
the anterior boundary of each of the openings. Posterior to the opening of 
either side, the bone articulates laterally with the dorso-mesial edge of a so- 
called nasal and antero-mesial to the opening it also articulates with the same 
bone, the opening thus being entirely bounded by these two bones. Posteriorly 
the median dorsorostral articulates on either side with the mesial half of the 
anterior edge of the corresponding frontal. The so-called nasal articulates 
posteriorly with the lateral half of the anterior edge of the frontal of its side 
and lateral to that with the anterior edge of a bone called by Brough the post- 
frontal. Ventral to this the bone forms the dorso-anterior boundary of the orbi- 
tal opening, articulating anteriorly with the anterior median dorsorostral and 
ventrally with a so-called rostral. The latter is a transversely placed median 
bone, each lateral end of which projects postero-laterally, to reach and form 
part of the anterior boundary of the orbital opening and ventral to that to 
articulate with a small so-called lachrymal. The course of the supraorbital canal 
isnot given and it is possible that it may have run downward posterior to the 
nasal opening, as it does in Perleidus, in which case the so-called nasal of this 
fish would be the homologue of that of Perleidus. It, however, seems much 
more probable that the canal ran forward mesial to the nasal opening, or 
downward between two external nasal apertures, as it quite certainly does in 
Helicthys and Catopterus, and if this be so, the so-called nasal of Doedalichthys 
would be a nasalo-preorbital and the so-called nasal of Atopocephala simply a 
preorbital, as will be explained when describing the conditions in Helicthys. 

The frontal articulates posteriorly with a rhomboidal parietal, the mesial 
edge of which is slightly shorter than the lateral edge. Posterior to this parietal 
there is a mesial extrascapular and lateral to the latter a lateral extrascapular 
these two bones being both called by Brough the tabulars. The two bones form 
aline inclined slightly antero-mesially, the mesial extrascapulars of opposite 
sides projecting slightly forward between the parietals. Posterior to the two 
extrascapulars of either side there is a suprascapular (posttemporal, Brough) 
which articulates in the middorsal line with its fellow of the opposite side. 

The main-infraorbital canal of this fish is not described, but it is quite 
certain that it traversed the suprascapular and lateral extrascapular and in the 
latter bone anastomosed with the lateral end of the supratemporal canal. The 
latter canal certainly extended to the mesial edge of the lateral extrascapular, 
asit does in both Helicthys and Catopterus, but whether it extended beyond that 
into the mesial extrascapular is open to question, for it does not in either of the 
other two fishes. The main-infraorbital canal, after traversing the lateral 
extrascapular certainly entered and traversed a bone called by Brough the 
supratemporal and then a bone called by him the postfrontal, these two bones 
quite certainly corresponding, respectively, to the dermosphenopterotic and 
supraorbito-suprapostorbital of the Chondrostei above considered. 

In Atopocephala the conditions are practically the same as in Doedalichthys, 
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excepting in that the anterior and posterior median dorsorostrals have fused 
with each other and probably also with the nasals of opposite sides to form a 
single bone, the hind end of which is wide and articulates with the entire 
anterior edges of the two frontals, instead of only with the mesial halves of those 
edges. 

In Helichthys, a dorsal view of which is given in the accompanying fig. 10, 
the anterior end of the snout was crushed, as already stated, and the position 
of the nasal openings could not be determined. A posterior portion of a median 
dorsorostral is shown in the figure, its pointed hind end fitting in between the 
anterior ends of the frontals. Lateral to it, on either side, there is a nasal, the . 


Fig. 10. Helicthys elegans. Dorsal view. After Brough. 


hind end of which articulates with the lateral half of the anterior edge of the 
corresponding frontal, its lateral edge articulating with the mesial edge of a 
bone called by Brough the prefrontal. That part of the nasal that is preserved 
in the fossil is traversed its full length by the supraorbital canal, and it corre- 
sponds approximately to the mesial portion of the so-called nasal of Brough’s 
descriptions of Doedalichthys, and to the lateral portion of the median dorso- 
rostral of his descriptions of Atopocephala. A latero-sensory ossicle primarily 
independent has accordingly apparently here fused in Doedalichthys with a 
membrane bone of the outer lateral series and in Atopocephala with one of the 
inner lateral series. This nasal bone of Helicthys and the preorbital together 
with their fellows of the opposite side and the median postrostral plate form a 
transverse row of five bones which strikingly resemble the five similarly named 
bones in Eusthenopteron, to be later described, and as the single nasal opening 
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of the latter fish lies lateral to the nasal bone it seems probable that it had that 
position in Helicthys also. It is therefore improbable that the supraorbital canal 
ran downward in Doedalicthys posterior to the single nasal opening as it does to 
the two nasal openings in Perleidus, the Catopteridae thus differing markedly 
from the Perleididae in this respect. The so-called prefrontal is evidently a 
preorbital that has been prolonged posteriorly to about the middle of the dorsal 
edge of the orbital opening. The frontal articulates posteriorly with a parietal, 
the mesial edge of which has been reduced to such an extent that the bone is 
nearly triangular in shape. Posteriorly this parietal articulates with a bone 
called by Brough the dermo-supraoccipital, the latter bone articulating postero- 
laterally with a bone called by him the tabular which has exactly the topo- 
graphical position of the bone that I have called in Doedalichthys and Atopo- 
cephala the lateral extrascapular. The so-called dermo-supraoccipital thus has 
to the latter bone and to the parietal exactly the relations of the bone that I 
have called the mesial extrascapular in Doedalichthys and Atopocephala, but the 
supratemporal canal is here shown traversing the lateral extrascapular but not 
entering the so-called dermo-supraoccipital. Furthermore, the dermo-supra- 
occipitals of opposite sides of the head, if fused with each other, would form a 
bone that would apparently be strictly comparable to a bone in Dipterus called 
by Goodrich the supraoccipital and by Save-Séderbergh the central parietal, as 
will be fully explained later. It accordingly seems best for the present to call 
this bone and the so-called parietal of Helicthys, respectively, the posterior 
and anterior parietals. It is however to be noted that the median or mesial 
extrascapulars of fishes probably do not represent the dermo-supraoccipital of 
higher vertebrates, for it is probable that the latero-sensory bones, as well as 
the latero-sensory lines, disappeared as the descendants of Fishes took to life 
on land. The posterior parietals of Helicthys and possibly both pairs of these 
bones must then represent the dermo-supraoccipital of higher vertebrates, and 
if both pairs of parietals enter into the composition of the latter bone, the 
frontal of Fishes must represent both the frontal and the parietal of higher 
vertebrates. 

Posterior to the posterior parietal and the lateral extrascapular there is, as in 
Doedalichthys and Atopocephala, a suprascapular, and anterior to the lateral 
extrascapular and lateral to the two parietals and the frontal, two bones that 
correspond to the dermosphenopterotic and the supraorbito-suprapostorbital 
of Doedalichthys. 

In Helicthys elegans the conditions are similar to those in Helicthys 
ctenipteryx, but in Catopterus the posterior parietals have forced their way 
forward between the anterior parietals and acquired articulation with the 
frontals, the four parietals forming a transverse line immediately posterior to 
the frontals. Posterior to these four bones and articulating with them and with 
the dermosphenopterotics there are on each side of the head two extrascapulars 
Which articulate with each other in the middorsal line and are traversed their 
full lengths by the supratemporal canal. 
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Broughia perleididoides 

The conditions in this fish (fig. 11) may now be further considered. As 
already stated, there is on the anterior end of its snout a small median rostralo- 
postrostral plate, called by Stensié the hypothetical median rostral plate, 
which has a bluntly pointed hind end, and is traversed along its antero-ventral 
margin by the ethmoidal cross-commissural latero-sensory canal. Posterior to 
this plate there are two bones, one on either side of the head, which Stensié 
considers to be nasals, and between these so-called nasals and the median 
rostralo-postrostral plate there is a relatively large V-shaped articular inter- 


- 


Fig. 11. Broughia perleididoides. Dorsal view. After Stensié. 


space that strikingly resembles in shape and position the so-called ethmcidal 
commissural canal of Perleidus. These so-called nasals are separated from each 
other, from the frontals and from the so-called antorbitals, by similar articular 
interspaces, and as the antero-lateral corner of each bone forms the postero- 
mesial boundary of the single large nasal opening on its side of the head, the 
bone is nowhere in contact with any of the adjacent bones. The so-called 
antorbital lies between the nasal and orbital openings, forms part of the bound- 
ing wall of each of these openings and its ventro-lateral edge is shown traversed 
its full length by the infraorbital latero-sensory canal. Beyond this the latter 
canal traverses a bone called by Stensié the lateral rostral plate which forms 
the ventral boundary of the nasal opening and beyond this traverses the median 
rostralo-postrostral plate. The so-called nasal is traversed its full length 
by the supraorbital canal, the anterior end of that canal lying dorso-mesial to 
the nasal opening. The posterior inner lateral dorsorostral, which in 
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Perleidus has fused with its fellow of the opposite side to form part of the 
median rostralo-postrostral plate, has here fused with a nasal similar to that 
in Helicthys, and the fact that the single nasal opening of Broughia lies postero- 
lateral to the nasal bone is favourable to the assumption that it had that 
position in Helicthys also. Assuming this to be correct, the so-called antorbital 
of Broughia would probably be a lachrymo-antorbital, or that bone fused with a 
greatly reduced preorbital. The frontal has fused with the supraorbital and 
forms the dorsal margin of the orbital opening. The bone called by Stensié the 
supratemporo-intertemporal apparently corresponds to what I have called in 
Helicthys the dermosphenopterotic, Stensié’s dermosphenotic apparently being 
simply a suprapostorbital. There is in this fish a single parietal on each side of 
the head and no bone corresponding to the posterior parietal (dermo-supra- 
occipital, Brough) of Helicthys and Catopterus. There is also a single extra- 
scapular on each side of the head and the two bones are traversed their full 
lengths by the supratemporal canal. 


CROSSOPTERYGII 


In Eusthenopteron fordii, one of the Rhipidistia (fig. 12), the anterior end of 
the snout of the specimen described by Stensi6é (1921, 1922) was not preserved. 
‘The posterior portion of a median dorsorostral is however shown, its hind end 
fitting in between the anterior ends of the frontals of opposite sides. The pointed 
anterior end of the frontal of either side fits in between this median dorso- 
rostral and the nasal, its hind end articulating with the parietal and with the 
mesial half of the anterior edge of a bone called by Stensié the intertemporal. 
Laterally the frontal articulates with a single supraorbital and a small tri- 
angular dermosphenotic. The parietal articulates posteriorly with a lateral 
extrascapular and the lateral half of a median extrascapular, articulating 
laterally with two bones that Stensié calls the intertemporal and supratemporal, 
but as they together correspond to the dermopterotic of the Chondrostei, I shall 
call them, respectively, the anterior and posterior dermopterotics. The main- 
infraorbital canal begins at the hind edge of the lateral extrascapular and while 
traversing that bone anastomoses with the lateral end of the supratemporal 
canal, this canal traversing the lateral extrascapular and then the lateral half 
of the median extrascapular to anastomose in the median line with its fellow 
of the opposite side. After traversing the lateral extrascapular, the main-infra- 
orbital traverses the posterior and anterior dermopterotics and then enters the 
dermosphenotic, where it gives off a primary tube which anastomoses with the 
hind end of the supraorbital canal. Beyond this the canal curves antero-laterally 
to enter and traverse a bone called by Stensié the postorbital, which bone, as 
seen in dorsal view, has a longitudinal position and is narrow and relatively long. 
The latero-ventral half of its anterior edge forms the dorso-posterior margin of 
the orbital opening, the dorso-mesial half of that edge articulating with the hind 
end of the supraorbital. It is traversed by the dorsal portion of the postorbital 
section of the main-infraorbital thus having to that canal and the adjacent bones 
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definitely the position of the suprapostorbito-membranosphenotic portion of 
the outer lateral dorsocranial of Polyodon. The dermosphenotic lies wedged in 
between this bone, the lateral edge of the frontal and the anterior edge of the 
anterior dermopterotic, thus having typical relations to these several bones, 
Lateral to the posterior dermopterotic and wedged in between it and the dorsal 
bone of the cheek called by Stensié the squamosal, there is a small bone which 
Goodrich refers to in Osteolepis as a scale-like bone overhanging the hyomandi- 


Fig. 12. Husthenopteron fordii. Dorsal view. After Stensio. 


bula, but which Save-Séderbergh describes in the same fish as the extratem- 
poral. In Macrodon (Allis, 1904) I described what is apparently a corresponding 
bone, but it articulates anteriorly with what is apparently the homologue of 
the suprapostorbito-membranosphenotic of Eusthenopteron, but which I called 
in Macrodon the postfrontal. These two bones of Macrodon definitely form part 
of the roof of the skull, overlapping and articulating movably with the bones on 
the cheek, while in Eusthenopteron they apparently belong to the cheek bones. 
The main-infraorbital canal, after traversing the suprapostorbito-membrano- 
sphenotic, traverses a postorbital bone called by Stensié the jugal in which it 
anastomoses with the anterior end of the jugal canal. After leaving this bone 
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the canal enters a bone called by Stensié the lachrymal, the larger posterior 
portion of which is suborbital in position while its anterior portion projects 
forward beyond that opening. The main-infraorbital canal is shown extending 
to the anterior end of this bone and there is no indication either of an upward 
bend or an upwardly directed branch of the canal between the orbital and nasal 
openings. The nasal bone articulates by its hind end with the anterior end of 
the frontal and can be traced forward to the level of the single nasal opening, 
there lying mesial to that opening. It articulates mesially with the median 
dorsorostral and laterally with a so-called antorbital, the anterior portion of 
which was not preserved in the fossil. The latter bone articulates dorso- 
posteriorly with the anterior end of the supraorbital and from there extends 
downward to form the anterior border of the orbital opening, articulating 
ventrally with the dorsal edge of the preorbital portion of the so-called lachry- 
mal. It is not traversed by any part of either the supraorbital or main-infra- 
orbital canal and hence corresponds to the preorbital bone of certain of the 
Chondrostei. The supraorbital canal starting from its point of anastomosis with 
the main-infraorbital runs forward in the frontal near its lateral edge and then 
enters and traverses the nasal as far forward as that bone is preserved in the 
fossil, its anterior end lying dorso-mesial to the single nasal opening. On the 
parietal there are middle and posterior head lines of pit organs, the middle head 
line extending laterally on to the posterior dermopterotic as far as the line of 
the main-infraorbital canal. 

In Osteolepis macrolepidotus, as described by both Goodrich (1919) and 
Save-Séderbergh (1933), the bones on the dorsal surface of the head differ but 
little from those in Eusthenopteron and need not be particularly described. In 
Goodrich’s figures the membranosphenotic portion of the bone that I have 
called in Eusthenopteron the suprapostorbito-membranosphenotic has been 
greatly reduced and the suprapostorbital portion which persists has fused 
completely with the dermosphenotic, the so-formed bone thus being a supra- 
postorbito-dermosphenotic and forming part of the boundary of the orbital 
opening. Save-Sdderbergh shows the dermosphenotic as a wholly separate 
and independent bone similar to that in Eusthenopteron. He furthermore shows 
middle and posterior head lines that correspond to those in Eusthenopteron and 
also an anterior head:line lying on the frontal and having the relation to the 
supraorbital canal that the anterior head line of pit organs of Polypterus has 
to that canal, these two Fishes being the only ones I find described in which 
this head line has this position. 

In Dictyonosteus arcticus, which is also one of the Rhipidistia (fig. 18), 
Stensié (1922) shows a mesial and a lateral rostral on each side of the head 
traversed nearly their full lengths by an ethmoidal canal. Posterior to these 
rostral bones and filling the entire space between the nasal openings of opposite 
sides, there is a transverse row of three bones, a median dorsorostral and lateral 
to it, on either side, the anterior one of a chain of three nasal bones which are 
traversed throughout their entire lengths by the supraorbital canal. Posterior 
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to this row of three bones there is a transverse row of six bones, three on cach 
side of the head, the mesial one of which is the posterior inner lateral dorso- 
rostral, the next lateral one the second bone of the chain of three nasal bones 
and the lateral bone the anterior one of two bones that fill the space between 
the nasal and orbital openings and are called by Stensi6 the antorbitals 1 and 2. 
Posterior to this row there is a second transverse row of six bones which con- 
tains, on each side of the head, a posterior inner lateral dorsorostral, the third 
one of the chain of three nasal bones and the so-called antorbital 2, the hind 
end of the latter bone extending posteriorly a certain distance dorsal to the 


Fig. 13. Dictyonosteus arcticus. Dorsal view. After Stensié. 


orbital opening and there articulating with the anterior one of a row of three 
supraorbitals. The two so-called antorbitals are said not to be traversed by any 
of the latero-sensory canals and they together evidently correspond to what I 
have called the preorbital bone in certain of the Chondrostei. The frontal of 
either side is a long and narrow bone which articulates anteriorly with the 
posterior nasal and the inner lateral dorsorostral of its side and from there 
extends posteriorly to the hind end of that part of the skull that is preserved 
in the fossil described. Its anterior portion articulates laterally with the an- 
terior one of three supraorbital bones, and posterior to it with the mesial edge 
of the dermosphenotic, the latter bone having a long and pointed anterior end 
which lies in typical position between the frontal and the posterior supra- 


at 
fo: 
fre 
et 
Tl 
co 
m 
in! 
an 
Pe i 
; 
fr.- \---4-- Bes pa 
4 ie Ad ‘ 
i: 
bel 
ke 
ot} 
as 
do: 
TOS 
Th 
bor 
x 
fro 
0s; 
of 
ca, 
the 
the 


The Cranial Roofing Bones in Fishes 273 


orbitals. No other bones are shown in the figure. The supraorbital canal begins 
at the hind end of that part of the dermosphenotic that is preserved in the 
fossil and running forward through that bone and the lateral edge of part of the 
frontal enters and traverses the three nasal bones and anastomoses with the 
ethmoidal cross-commissure as that canal traverses the mesial rostral bone. 
This ethmoidal canal is not definitely shown in any of the other Crossopterygii 
considered, but in my recent work (Allis, 1934) I considered it to be represented 
in the U-shaped bend shown by Goodrich in his figures of Osteolepis. The main- 
infraorbital canal, as shown in the figures of these three fishes, does not extend 
anteriorly beyond the anterior end of the lachrymal bone and is not continuous 
with the lateral end of the ethmoidal canal. It is nevertheless quite certain that 
the sensory line in relation to which this canal is developed extended forward 
latero-ventral to the nasal opening, the conditions here thus resembling those 
in the recent Teleostei. 

The bones on the dorsal surface of the head of Dictyonosteus thus present 
the seven typical rows, a short median dorsal row, an inner lateral row repre- 
sented by the two inner lateral dorsorostrals and that part of the frontal that is 
not traversed by the supraorbital canal, an outer lateral row represented by the 
three supraorbitals and two preorbitals and an intermediate row of latero- 
sensory ossicles represented by the dermosphenotic, the three nasals and that 
part of the frontal that is traversed by the supraorbital canal. 

In Avelia robusta, which is one of the Coelacanthidae (fig. 14), Stensié (1921) 
describes on each side of the dorsal surface of the snout a bone that he calls the 
postrostral, but as it corresponds to the bone that I have called in Dictyonosteus 
the posterior inner lateral dorsorostral, I shall so hereinafter refer to it. This 
bone articulates posteriorly with the entire anterior edge of the frontal com- 
ponent of a bone called by Stensié the fronto-dermosphenotic, the frontal part 
of the bone having a pointed antero-mesial corner which, with its fellow of the 
opposite side, forms a large median pointed angular process which fits in 
between the hind ends of the posterior inner lateral dorsorostrals of opposite 
sides. Anterior to this the latter bones are for a short distance in contact with 
each other in the middorsal line, anterior to which they are separated from each 
other by a median so-called interrostral which has a convex anterior edge and 
a sharply pointed posterior end, this bone and the two posterior inner lateral 
dorsorostrals articulating anteriorly with a transverse series of five or six 
rostrals, the exact number of which Stensié could not definitely determine. 
The frontal has completely fused along the lateral edge of its hind end with a 
bone that Stensid considers to be the dermosphenotic, but this process of the 
frontal corresponds so definitely to the suprapostorbito-dermosphenotic of 
Osteolepis that I consider it to be that bone, here fused with the lateral edge 
of the hind end of the frontal. Posterior to the so-formed frontal there is a bone 
called by Stensié the parieto-intertemporal, but as it evidently corresponds to 
the parietal of Eusthenopteron fused with what I have described in that fish as 
‘the anterior and posterior dermopterotics, I shall hereinafter refer to it as the 
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parieto-dermopterotic, that being the name that I have given in an earlier 
work to the corresponding bone in Polypterus (Allis, 1922). Posterior to it 
there are three small rounded plates which Stensié calls the extrascapulars and 
lateral to the lateral one of these plates there is a much larger bone which 
Stensi6é considers to be the supratemporo-extrascapular, but it seems to me 
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Fig. 14. Avelia robusta. Dorsal view. After Stensié. 


much more probable that it is simply a lateral extrascapular, the bones 
ordinarily called by Stensié the supratemporal and intertemporal having both 
fused with the parietal. Posterior to this lateral extrascapular there is a small 
suprascapular. The main-infraorbital canal, after leaving the latter bone, enters 
the lateral extrascapular and there anastomoses with the lateral end of the 
supratemporal canal which extends from there dorso-mesially in a curved line 
through this bone and the three little extrascapulars. Anterior to the lateral ' 
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extrascapular the canal traverses the lateral margin of the parieto-dermoptero- 
tic and then enters the suprapostorbito-dermosphenotic, there anastomosing 
with the hind end of the supraorbital canal. Beyond this the canal turns 
ventro-laterally to enter and traverse a long tubular bone that is postorbital 
and suborbital in position and anastomoses approximately between these two 
parts of its length with the dorso-anterior end of the jugal canal. Anterior to 
the suprapostorbito-dermosphenotic there is a line of four supraorbital bones, 
the suprapostorbito-dermosphenotic forming the fifth member of the line. The 
supraorbital canal, running forward from its point of anastomosis with the 
main-infraorbital, passes along the line between these four supraorbitals and 
the frontal, apparently separating them completely from each other and 
probably being itself enclosed in a delicate tubular bone similar to that which 
encloses the postorbital and suborbital portions of the main-infraorbital canal. 
Anterior to the anterior supraorbital bone and forming a direct anterior 
prolongation of that line there is a bone called by Stensié the nasalo-antorbital 
which articulates dorso-mesially with the posterior inner lateral dorsorostral 
and anteriorly with the lateral one of the transverse line of rostral bones. It is 
perforated by two nasal openings, and the supraorbital canal, after passing 
beyond the anterior supraorbital bone, traverses this so-called nasalo-antorbital 
dorso-mesial to both nasal apertures and beyond it enters the lateral rostral. 
The ventral edge of the so-called nasalo-antorbital is not preserved in the 
fossil, but the bone evidently corresponds to what I have called in Saurichthys 
the nasalo-preorbital, and the long and pointed antero-mesial corner of the 
bone of Avelia would seem to indicate that in this fish, as in Sawrichthys, the 
nasal bone has fused with the posterior outer lateral dorsorostral. 

In Wimania sinuosa the supraorbito-dermosphenotic, called by Stensiéd 
the dermosphenotic, has fused with the frontal as it has in Aelia. The latero- 
sensory canals on the dorsal surface of the head are said by Stensié not to be 
preserved in the fossil, but in his figure he shows the supraorbital canal running 
forward along the line between the frontal and the supraorbitals, which would 
seem to mean that the conditions here were similar to those in Avelia. 

In Laugia groenlandica, which is also one of the Coelacanthidae, the supra- 
postorbito-dermosphenotic has fused with the frontal as it has in both Azelia 
and Wimania and as in both those fishes the supraorbital canal apparently lay 
between the frontal and the supraorbital but was not enclosed in latero- 
sensory ossicles. 


DIPNOI 


Dipterus is considered to be one of the most primitive of these Fishes and 
the bones on the dorsal surface of its head and the related latero-sensory canals 
have recently been figured and more or less fully described by Goodrich (1909, 
1925), Gregory (1915) and Save-Séderbergh (1982). Gregory’s figure is said by 
him to be a slightly modified copy of Goodrich’s 1909 figure, and Siive- 
Séderbergh’s figure is said by him to be a copy of an unpublished drawing by 
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Stensid. The arrangement of the bones and the course of the latero-sensory 
canals, as shown in Goodrich’s 1925 and Sive-Séderbergh’s figures, differ so 
considerably from each other that both are reproduced in the accompanying 
figs. 15 and 16. The names that I have given to the several bones are those 
employed in the preceding descriptions and differ somewhat from those 
employed by either of the above mentioned authors. 

In both Save-Séderbergh and Goodrich’s 1925 figures the anterior end of 
the snout is covered by a single so-called ethmoidal shield, but in Goodrich’s 
1909 figure an anterior median rostral plate is shown which is called by him the 
premaxilla, but by Gregory the nasal. Posterior to this plate Goodrich shows 


Fig. 15. Dipterus platycephalus. Dorsal view. After Goodrich, 1925. 


in this same figure a transverse row of six bones that are evidently dorso- 
rostrals, and as the lateral one of this row on either side lies in the line anteriorly 
prolonged of the supraorbitals and mesial to the curved anterior end of the 
supraorbital canal, it is evidently an outer lateral dorsorostral. The mesial bone 
on either side is larger than either of the other two, is called by both Goodrich 
and Gregory the frontal, but would seem to be a posterior inner lateral dorso- 
rostral. In Goodrich’s 1925 figure and in Siive-Séderbergh’s figure a single large 
bone, on either side of the head, replaces the three bones in the 1909 figure and 
is evidently a posterior inner lateral dorsorostral that has expanded laterally 
and either absorbed or suppressed and replaced the two bones that lie lateral to 
it in the 1909 figure. Goodrich calls this bone the frontal, as both he and 
Gregory do the corresponding bone in the 1909 figure, but Save-Séderbergh 
calls it the postrostral. . 

Posterior to the posterior inner lateral dorsorostrals of opposite sides and 
wedged in between their hind ends there is, in Goodrich’s 1909 figure, a small 
median lenticular-shaped bone called by him the median plate and by Gregory 
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the preparietal, but I consider it to be a posterior median dorsorostral. 
Laterally this bone articulates with one of a chain of independent bones that 
are traversed by the supraorbital canal, its pointed hind end being wedged in 
between the anterior ends of two other lenticular-shaped bones that I consider 
to be frontals, but which both Goodrich and Gregory call the parietals. In 
Goodrich’s 1925 figure each of these two frontals (parietals, Goodrich) extends 
forward lateral to the posterior median dorsorostral, here called by Goodrich 
the interfrontal, and articulates with the hind end of the posterior inner lateral 
dorsorostral of its side, thus shutting the so-called interfrontal completely 
off from contact with the chain of latero-sensory bones. In Sive-Séderbergh’s 


—— 


Fig. 16. Dipterus platycephalus. Dorsal view. After Sive-Séderbergh. 


figure the so-called interfrontal and the two parietals of Goodrich’s figure are 
represented by a group of twelve bones, the two lateral ones of which on either 
side are called by him the medial frontals, the remaining eight bones forming 
a median band between these medial frontals of opposite sides and being called 
the central frontals. The latero-sensory bones bordering this group on either side 
are called by Sive-Sdderbergh the lateral frontals and correspond to the 
similarly named bones of Sewertzoff’s descriptions of embryos of Acipenser. 
The two so-called medial frontals of either side of the head are evidently inner 
lateral dorsocranials, the band of so-called central frontals being certainly in 
part median dorsocranials; and to give origin to the frontal (parietal) of 
Goodrich’s figure the two medial frontals of Save-Séderbergh’s figure would. 
have to fuse with each other and either fuse with or suppress one half of the 
median band of central frontals, excepting only the anterior one which cor- 
responds to what I have called the posterior median dorsorostral. 

Posterior to the frontals (parietals, Goodrich) there is in each of Goodrich’s 
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figures a median bone, the pointed anterior end of which is wedged in between 
the hind ends of the frontals. Its hind edge forms the median portion of the 
hind edge of the roofing bones of the skull and it is called by Goodrich the supra- 
occipital and by Gregory the dermo-supraoccipital. Its posterior half articu- 
lates laterally on either side with the mesial one of two extrascapulars, its 
anterior half and the posterior half of the frontal (parietal, Goodrich) of either 
side articulating with a bone called by Goodrich the intertemporal and by 
Gregory the supratemporal. The supratemporal canal, after traversing the two 
extrascapulars of either side, enters the lateral border of the so-called supra- 
occipital and apparently there ends, but it is prolonged by a line of pit organs 
which runs at first antero-mesially until it meets or nearly meets its fellow of 
the opposite side, where it turns antero-laterally at a sharp angle and so con- 
tinues across this bone and enters the mesial border of the so-called inter- 
temporal, where it ends. In Siave-Séderbergh’s figure this median so-called 
supraoccipital bone forms a direct posterior continuation of the median but 
irregular band of so-called central frontals, and it is called by him the central 
parietal. It articulates laterally with the mesial one of two extrascapulars and 
with a bone that corresponds to Goodrich’s intertemporal, but which is called 
by Siave-Séderbergh the lateral parietal 1. The supratemporal canal, after 
traversing the two extrascapulars of either side, traverses a median bone 
which lies immediately posterior to the so-called central parietal and is called 
by Save-Sdderbergh the median extrascapular. On the dorsal surface of the 
so-called central parietal there are two lines of pit organs which are called by 
Save-Séderbergh the anterior head lines, and although they have not exactly 
the positions of the lines on Goodrich’s so-called supraoccipital they must be 
the homologues of those lines. The term supraoccipital employed by Goodrich 
would seem to indicate that he considers this bone to be of endosteal origin, 
but the presence of pit lines on its outer surface is not favourable to this view, 
for it seems improbable that in this fish they could have been sufficiently 
developed to make impressions on a bone of purely endosteal origin. In the 
Catopteridae there are, as explained in the preceding section, two so-called 
dermo-supraoccipitals, one on either side of the head, and if they were to fuse 
with each other in the middorsal line, a bone apparently strictly comparable to 
that in Saive-Sdderbergh’s specimen of Dipterus would arise, and if median 
extrascapular elements were to fuse with this bone it would give origin to the 
bone in Goodrich’s specimen. It accordingly seems quite certain that the bone 
in Saive-Séderbergh’s figure is a median parietal (central parietal, Siive-Séder- 
bergh) and that the bone in Goodrich’s figure is a median parieto-extrascapular. 

There are, as above stated, two extrascapulars on each side of the head. 
The lateral one of the two is called by Save-Séderbergh the lateral extra- 
scapular 2, by Goodrich the “‘pterotic?” in 1909 and the tabular in 1925, the 
mesial bone being called by Siave-Séderbergh the lateral parietal 2 + lateral 
extrascapular 1, by Goodrich the postparietal and by Gregory the tabular. 
Both of these bones are traversed by the supratemporal canal, that canal 
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entering the lateral margin of the median parieto-extrascapular (supraoccipital) 
in Goodrich’s figure, but passing posterior to the median parietal in Sive- 
Séderbergh’s figure, there lying in the so-called median extrascapular. 

The main-infraorbital canal running forward traverses the lateral extra- 
scapular, there anastomosing with the lateral end of the supratemporal canal. 
Beyond this the canal enters and traverses two bones that are called by Good- 
rich the supratemporal and postfrontal and by Siave-Séderbergh the supra- 
temporal and intertemporal, these two bones forming the lateral margin of this 
part of the roof of the skull and evidently being the homologues of the posterior 
and anterior dermopterotics of my descriptions of the Crossopterygii, for they 
lie lateral to the bone called by Goodrich the intertemporal, by Gregory the 
supratemporal and by Save-Sdderbergh the lateral parietal 1. The canal as it 
traverses the anterior one of these two bones in Goodrich’s 1909 figure anasto- 
moses with the hind end of the supraorbital canal and is only shown extending 
forward a short distance beyond this. In Sive-Séderbergh’s figure the canal 
traverses the corresponding bones without there anastomosing with the supra- 
orbital and enters a bone which corresponds to the suprapostorbito-dermo- 
sphenotic of the Coelacanthidae and certain of the Rhipidistia above considered, 
but which Save-Séderbergh considers probably to be a postorbito-dermo- 
sphenotic. There it turns downward to pass posterior and then ventral to the 
orbital opening, beyond which it continues onward along the lateral edge of the 
dorsal surface of the skull to its anterior end, where it ends without anastomos- 
ing either with the supraorbital or with its fellow of the opposite side. Gregory 
shows this canal in his figure continuing onward and falling directly into its 
fellow of the opposite side, thus there forming a complete cross-commissure 
between the main-infraorbital canals. As the canal traverses the supra- 
postorbito-dermosphenotic in Sive-Sdéderbergh’s figure it gives off a branch 
which unites it with the supraorbital canal as the latter canal traverses a small 
bone that articulates with the dorso-mesial edge of the suprapostorbito- 
dermosphenotic, the point of anastomosis with the supraorbital canal lying a 
considerable distance anterior to its hind end. Comparing the conditions here 
with those in Polyodon and Acipenser it seems quite certain that this short 
communicating branch is formed by the end to end anastomosis of two primary 
tubes, one belonging to each of these two canals, the tube of each canal being 
limited in extent to the edge of the bone traversed by the canal to which the 
tube belongs. 

The course of the supraorbital canal is definitely given in Save-Séderbergh’s 
figure and also in Gregory’s figure, but Goodrich only shows the surface pores 
that he considers to be related to it. According to Save-Séderbergh the canal 
begins in the bone called by him the lateral parietal 1, and from there runs 
forward through a line of six bones which he calls the lateral frontals, the so- 
called lateral parietal 1 forming the posterior and seventh bone of the line. The 
four or five posterior ones of the six lateral frontals lie along the lateral edge of 
the group of bones that Sive-Séderbergh calls the central and medial frontals, 
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the anterior one or two of the line lying lateral to the posterior inner lateral] 
dorsorostral (postrostral, Sive-Séderbergh), between that bone and the anterior 
portion of the orbital opening. Beyond this the canal enters the ethmoidal 
shield and curving antero-mesially passes over the anterior edge of the shield 
slightly mesial to the anterior end of the main-infraorbital canal. As the canal 
traverses the third one of the chain of so-called lateral frontals on one side of 
the head and the second bone on the other side, it anastomoses with the branch 
that connects it with the main-infraorbital. Lateral to this line of lateral 
frontals, between it and the orbital opening, there is in Save-Séderbergh’s 
figure one supraorbital bone on one side of the head and two on the other. In 
Goodrich’s 1925 figure the canal apparently begins in his so-called intertemporal 
(lateral parietal 1, Sive-Séderbergh), and running forward enters the anterior 
dermopterotic, his postfrontal, there anastomosing with the main-infraorbital, 
beyond which it traverses a number of bones that correspond to the lateral 
frontals of Sive-Séderbergh’s descriptions, but are called by Goodrich the 
postfrontal, marginal and prefrontal, the latter bone lying mesial to the anterior 
portion of the orbital opening. Beyond this the band of surface pores that in 
Goodrich’s 1925 figure indicates the course of the canal has a markedly curved 
course, curving first laterally, then mesially, then laterally again, and finally 
mesially along the anterior edge of the ethmoidal shield and there apparently 
running directly into its fellow of the opposite side to form a complete cross- 
commissure. The canal thus here presents, near the anterior end of the snout, 
three transversely placed sections which would seem to correspond to the two 
or three transversely placed lines of surface organs shown in Greil’s figures of 
horizontal longitudinal sections of embryos of Ceratodus, as fully explained 
in my recent work (Allis, 1934). No part of the main-infraorbital canal is 
apparently here shown by Goodrich, but the anterior commissural section of 
the supraorbital canals, as shown by him, corresponds in position to the cross- 
commissural connection of the main-infraorbitals as shown by Gregory. 
Gregory, furthermore, shows the supraorbital canal beginning at the point 
where it anastomoses with the main-infraorbital in the anterior dermopterotic, 
no part of the canal being continued posteriorly beyond this point. 

The bone called by Goodrich the intertemporal, by Gregory the supra- 
temporal and by Siave-Séderbergh the lateral parietal 1, but which I shall call 
simply the lateral parietal, may now be considered. It articulates anteriorly 
with the frontal (parietal, Goodrich) and the posterior one or two lateral 
frontals, articulates mesially with the frontal and median parietal (supra- 
occipital, Goodrich), posteriorly with the mesial extrascapular and laterally 
with the two bones that I have called the anterior and posterior dermopterotics. 
In Goodrich’s 1925 figure and in Sive-Séderbergh’s figure the postanastomosis 
portion of the supraorbital canal is shown entering and ending in this bone, and 
in these two figures and also in Goodrich’s 1909 figure a line of pit organs is 
shown beginning in it and extending postero-mesially on to the median parietal. 
The latter bone and the lateral parietals of opposite sides together form in 
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Dipterus a transverse row that lies immediately posterior to the frontals and 
lateral frontals and strikingly resembles the row formed by the anterior and 
posterior parietals of Catopterus. In Helicthys, which is another of the Cato- 
pteridae, the anterior parietal of either sideis wedged in between the frontal and 
the posterior parietal (dermo-supraoccipital, Brough). It does not enclose 
either in this fish or in Catopterus any part of the supraorbital canal, but its 
position relative to the frontal and posterior parietal suggests that if in Dipterus 
the posterior parietals of opposite sides had not fused with each other in the 
median line to form a median parietal, but had each fused with the lateral 
parietal, a bone would have been formed that would correspond to the parietal 
of Amia or that of Acipenser, according as there was or was not a postanasto- 
mosis portion of the supraorbital canal enclosed in the lateral parietal. 

The conditions in the recent Dipnoi differ greatly from those in Dipterus, 
the development of the latero-sensory canals and bones apparently having 
been to a certain extent arrested in connection with the life of these Fishes during 
part of the year either wholly out of the water or in partly dried up swamps. 
In Ceratodus the skin on the dorsal surface of the head is unusually thick, its 
deeper layers lying beneath the latero-sensory canals and separating them by a 
considerable interspace from the cranial.roofing bones. The latter bones are, 
according to Goodrich (1925), arranged in five longitudinal lines, the median 
one of which is a wide band extending the full length of the dorsal surface of 
the chondrocranium and being formed by two bones, an anterior ethmoid and 
along posterior dermal supraoccipital. Lateral to this band there is, on either 
side, a so-called lateral plate which extends the full length of the dermal 
supraoccipital and is considered by Goodrich probably to represent the pre- 
frontal, frontal, parietal, intertemporal and posterior parietal of his descrip- 
tions of Sagedonus, and lateral to it there is a row of two bones, called the 
postfrontal and pterotic (supratemporal). The horizontal section of the main- 
infraorbital canal is shown lying superficial to the mesial edge of the pterotic, 
and the supraorbital canal superficial to the lateral edge of the lateral plate and 
extending forward on to the dorsal surface of the nasal capsule, where it takes 
part in the formation of a large supranasal loop that is apparently similar to 
that described by Fiirbringer in Protopterus, the supraorbital canal of Ceratodus 
as here described by Goodrich thus differing markedly from that described by 
Firbringer in this same fish (see Allis, 1934). The supratemporal canal 
anastomoses in the middorsal line with its fellow of the opposite side to form 
a complete cross-commissure which lies superficial to the so-called dermal 
supraoccipital near its hind end. Comparing the conditions in this fish with 
those in Dipterus, as described by Save-Séderbergh, it seems exceedingly 
probable that the so-called lateral plate corresponds to the membrane com- 
ponents of the long line of latero-sensory ossicles that, in Dipterus, enclose the 
supraorbital canal, these components of the bones of Ceratodus having been 
separated, in early stages of ontogenetic development, from the overlying latero- 
sensory canal by the marked ingrowth of subectodermal tissues between them. 

Anatomy LxIx 19 
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If this be the correct interpretation of the conditions, the dermal supraoccipital 
of Ceratodus must have been formed by the fusion of bones comparable to the 
frontals and parietals of Polyodon and the ethmoid bone by the fusion of bones 
comparable to the dorsorostrals of Dipterus. Furthermore, it may here be 
stated that the so-called medial frontals on each side of the head of Siive- 
Sdéderbergh’s specimen of Dipterus suggest the frontals and parietals of higher 
vertebrates. The pattern of arrangement of the bones in this fish would then 
be, in principle, strictly similar to that in the other fishes considered above. 

In Lepidosiren and Protopterus, as described by Cobbold (1862), Huxley 
(1871), Wiederschein (1880) and Bridge (1898), the mesial roofing bones differ 
markedly, in certain respects, from those in Ceratodus, but the pattern of 
arrangement is nevertheless, in principle, quite certainly the same. Here 
the adductor mandibulae muscle of either side has grown gradually upward 
along the external surface of the outer lateral row of dorsocranials and then 
passed internal to the membrane components of the intermediate row of 
latero-sensory bones, the latero-sensory components of these bones apparently 
not developing in these Fishes. Beyond this the muscle continues onward 
nearly to the middorsal line along the outer surface of the inner lateral row of 
dorsocranials. The inner lateral and outer lateral rows of dorsocranials have 
then fused with each other internal to the muscle to form the single median 
so-called fronto-parietal, this leaving the thin and greatly reduced membrane 
components of the intermediate row of latero-sensory bones external to the 
muscle to form the thin and splint-like bone that has been called the supra- 
orbital (Huxley), frontal (Cobbold), lateral ethmoid (Bridge) and Sehnen- 
knochen (Wiederschein). The growth upward of the adductor mandibulae has 
been accompanied by the shifting downward of the anterior end of the hori- 
zontal section of the main-infraorbital canal, this giving to this canal and the 
supraorbital the somewhat unusual course that they have in Fiirbringer’s 
figure of Protopterus (see Allis, 1984). 


ARTHRODIRA 


The cranial roofing bones in certain of these Fishes have been completely 
figured and described in recent years by Stensié (1925 b, 19384) and Heintz 
(1929, 1931 a, 1931 b, 1932) and both of these authors consider these bones to 
differ so radically from those in other Fishes that either letters or special terms 
are employed to designate most of them. In many of these Fishes the latero- 
sensory lines lie in grooves on the outer surfaces of the cranial bones and there 
seems nothing to indicate whether the bounding walls of these grooves are of 
latero-sensory or purely membrane origin. It however seems best, for com- 
parative purposes, to assume that lines of latero-sensory ossicles here developed 
similar to those in the Fishes above considered. Furthermore, there is question 
as to the shape of the snout and the character of the nasal openings. Jackel 
(1902) shows the snout of Coccosteus truncated and the anterior end of the skull 
presented antero-ventrally exactly as it is in all of the fossil Chondrostei above 
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considered, excepting only Saurichthys. Stensié (1925 b) apparently accepts 
Jaeckel’s figure as correct, for he reproduces it without comment, and further- 
more, shows strictly similar conditions in his figure of Pholidosteus friedeli, 
there calling the antero-ventrally presented surface of the skull the rostral 
face (Stensid, 1934). Heintz, however, says that Jaekel’s figure of Coccosteus 
is incorrect in this respect and shows the snout of this fish ending bluntly 
anteriorly, as it does in the Crossopterygii, the so-called rostral face of 
Stensi6’s descriptions being presented directly ventrally. In Pholidosteus, 
Stensié shows large nasal openings, one on either side of the head, lying close 
together and directed anteriorly on the rostral face of the snout, and he calls 
attention to the fact that the conditions here strikingly resemble those in the 


Fig. 17. Coccosteus decipiens. After Stensid. 


recent Holocephali. There is no indication of a posterior nasal opening, 
and the resemblance to the Holocephali suggests that the nasal openings of 
Pholidosteus, like those in the recent Elasmobranchii, had not undergone 
complete subdivision into two in connection with the formation of a nasal 
bridge. If this be so, the anterior end of the supraorbital canal should run 
downward posterior to this opening, between it and the orbital opening, as it 
does in the Elasmobranchii alone of all recent Fishes, and such is actually its 
position in both Pholidosteus and Coccosteus. Assuming similar conditions to 
have existed in all of the non-Macropetalichthyid Arthrodira, these fishes 
would resemble the Elasmobranchii in these two somewhat important features. 
In Macropetalichthys the né#sal opening of either side apparently underwent 
dichotomous subdivision, as it does in the Dipnoi, Crossopterygii and Chon- 
drostei and the supraorbital canal runs forward mesial to both openings 
(Allis, 1934). 

In Coccosteus decipiens, as shown in the accompanying fig. 17, Stensié shows 
an anterior median dorsorostral, called by him the rostral plate, which fills 
the entire space between the nasal openings of opposite sides of the head and 
extends posteriorly but slightly beyond them. Anteriorly it bends downward 
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over the anterior edge of the dorsal surface of the head and is prolonged 
ventrally to about the middle of the height of the rostral face, this being exactly 
as in Cheirolepis, and it may here be noted that in the latter fish the nasal 
openings are not shown in the dorsal view given by Watson. The mesial and part 
of the antero-ventral boundary of each nasal opening is thus formed by the 
anterior median dorsorostral, the remainder of the boundary of each opening 
being formed by a bone called by Stensié the plate L. The latter plate arti- 
culates with the lateral edge of the anterior median dorsorostral both dorsal 
and ventral to the nasal opening, its ventral end not being continued antero- 
mesially to meet in the median line its fellow of the opposite side. The anterior 
end of the supraorbital canal is said to run downward in a groove on the external 
surface of this plate L and because of the relations of the plate to the canal 
it is apparently an anterior nasal bone, here lying posterior to the nasal opening 
instead of dorso-mesial to it. Stensiéd concludes that near the ventral edge of 
this plate the supraorbital canal must have fallen into the main-infraorbital, 
the latter canal probably continuing onward in this bone to its anterior edge, 
but he could not definitely establish this. There is thus in this fish no indication 
of a rostral bone comparable to that in certain of the fossil Chondrostei above 
considered, but it is nevertheless possible that an independent rostral bone 
may have here been developed and later fused completely with the antero- 
ventral edge of the anterior median dorsorostral. The conditions in Pholidosteus 
are, however, unfavourable to this view. 

In Pholidosteus the anterior median dorsorostral (rostral, Stensid) bends 
downward over the anterior edge of the dorsal surface of the head, as it does 
in Coccosteus, but ends almost immediately below that edge, thus forming the 


dorso-mesial boundary of the nasal openings, but not extending ventrally 


between them. A small bone called the postnasal articulates with the lateral 
edge of the anterior median dorsorostral and forms the dorso-lateral boundary 


.of the nasal opening, but does not extend ventrally beyond the dorsal third 


approximately of the opening. It corresponds to the dorsal half of the plate L 
of Coccosteus and is crossed by the anterior end of the groove of the supra- 
orbital canal, this canal thus here lying, as in Coccosteus, between the nasal and 
orbital openings, but not here even closely approaching the anterior end of the 
groove of the main-infraorbital. What the course of these two canals may have 
been in the soft tissues cannot of course be told, but it is certain that no bone 
corresponding to the transversely placed rostral of the fossil Chondrostei has 
here been preserved in the fossil. If there were here no cross-commissural canal 
or surface sense line, as seems probable, the conditions would resemble those 
in the Dipnoi rather than those in either the recent Selachii or Holocephali. 
Posterior to the anterior median dorsorostral plate of Coccosteus above 
described and articulating with it there is a small posterior median dorsorostral 


called by both Stensié and Heintz the pineal plate. 


Plate A of Stensié’s descriptions of Coccosteus, called by Heintz the pre- 
orbital, evidently corresponds to the posterior inner lateral dorsorostral of the 
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Chondrostei fused with the nasal, preorbital and supraorbital bones, the nasal 
component of the bone being traversed its full length by the supraorbital canal 
groove. Stensié’s plate B, called by Heintz the central, apparently corresponds 
to the frontal, lateral frontals, lateral parietal and the lateral half of the central 
parietal of Saive-Séderbergh’s descriptions of Dipterus fused with each other, 
the lateral parietal being considered to have swung upward and forward to such 
an extent that the postanastomosis portion of the supraorbital canal has 
acquired a nearly transverse position, and if the posterior ones of the line of 
lateral frontals be considered to have swung mesially to the same extent, the 
pre- and postanastomosis portions of the supraorbital canal would have become 
completely separated from each other. Posterior to the postanastomosis por- 
tion of the supraorbital canal there are on plate B middle and posterior head 
lines. Stensi6’s plates P1, P? and S, called by Heintz the postorbital, marginal 
and external basal, apparently correspond, respectively, to the suprapostorbito- 
dermosphenotic, the dermopterotic and the lateral and mesial extrascapulars 
of the Chondrostei fused with each other. Stensid’s plate J, called by Heintz 
the median basal, must either be a posterior median dorsocranial or a nuchal 
plate that has shifted forward until it acquired contact with the hind ends of the 
parietal portions of the plates B, pushing the supratemporal canals into their 
inclined positions as it thus shifted forward. In Pholidosteus, where the supra- 
temporal canal of either side runs directly into the posterior head line, Stensié 
calls the entire so-formed line the posterior head line. In Coccosteus, Heintz 
describes a small so-called postmarginal and an internal that are not shown in 
Stensid’s figure of this fish. The postmarginal lies in the line prolonged of the 
groove of the preopercular canal, but the groove is not continued onward on to 
it so far as can be judged from the figure. The so-called internal lies along the 
lateral edges of the postmarginal and marginal (dermopterotic), and hence has 
to the latter bone the relations that the extratemporal has to it in Osteolepis 
and Eusthenopteron. 

In Pholidosteus the bones on the dorsal surface of the head are strictly com- 
parable to those in Coccosteus, but differ somewhat from them in shape. In 
the Monaspidae (Heintz, 1929) the bones are apparently also arranged on the 
same general pattern, but there are here no middle and posterior pit lines 
shown on the so-called central and no supratemporal canal. The bone here 
called by Heintz the median occipital would seem to be the homologue of the 
median basal of his descriptions of Coccosteus, but here it has markedly the 
appearance of being a median dorsocranial and not a nuchal plate. The supra- 
orbital canal does not extend posteriorly beyond the nasal component of the 
so-called preorbital. 

In Macropetalichthys rapheidolabis (Stensié, 19256), the cranial roofing 
bones and the course of the latero-sensory canals differ markedly from those 
in any of the fishes above considered, but the several longitudinal lines of 
cranial bones can be recognised here, as in the other fishes, if it be assumed that 
the median line of membrane bones has fused with the inner lateral row of 


ed 
ly 
sal 
rt 
he 
ng 
al 
or 
al 
al 
ng 
of 
il, 
e, 
ve 
ne 
O- 
Ms 
ds 
es 
he 
ly 
‘al 
ry 
rd 
L 
nd 
he 
ve 
ne 
as 
val 
Se 
ve 
ral 
re- 
he 


286 Edward Phelps Allis, Jr 


either side to form the two bones M! and M? of Stensi6’s descriptions, these two 
bones extending the full length of the cranial shield. The outer lateral row 
would then be represented by the line of bones lying immediately lateral to this 
median row. 

The course of the latero-sensory canals in Coccosteus, as shown in Stensié’s 
figure, strongly suggests that the supraorbital canal, and the anterior, middle 
and posterior head lines are related, respectively, to those parts of the pre- 
mandibular, mandibulo-premandibular, glossopharyngeus and first vagus 
intersegmental lines of early embryos that lie dorsal to the epibranchial line. 
This was suggested in my recent work on the course of the latero-sensory 
canals, but I did not at that time recognise that if this be so the fibres of 
the ramus ophthalmicus lateralis must belong in part to the nervus profundus 
and in part to the nervus trigeminus, the centres of origin of these lateralis 
fibres having shifted posteriorly in the brain and become intimately associated 
with the centres of origin of the lateralis fibres of the nervus facialis. 


SUMMARY AND CONCLUSIONS 
The bones on the dorsal surface of the head of all of the fishes considered in 
the present work, with the possible exception of the Arthrodira, are arranged, 
in principle, in seven longitudinal rows and two or three transversely placed 
rows. Five of the longitudinal rows are of membrane origin, and I have called 
them the median and the inner and outer lateral dorsocranials. The other two 
longitudinal rows are of latero-sensory origin, and lie primarily one on either 


side of the head between the inner and outer lateral dorsocranials of that side. 
They are developed in relation to the supraorbital canal and the horizontal 
portion of the main-infraorbital, those developed in relation to the main- 
infraorbital tending to fuse or actually fusing with adjacent bones of the outer 
lateral row of dorsocranials, while those developed in relation to the posterior 
two-thirds of the supraorbital canal tend to fuse or actually fuse with adjacent 
bones of the inner lateral row of dorsocranials. The transversely placed lines 
are of latero-sensory origin, one of them developed in relation to the supra- 
temporal canal and lying in the occipital region, a second developed in relation 
to the dorsal portion of the postorbital section of the main-infraorbital and 
being suprapostorbital in position, while the third, which is developed in 
relation to the anterior end of the supraorbital canal is not always transverse 
in position, lying sometimes between the nasal and orbital openings, sometimes 
between the anterior and posterior external nasal apertures, and sometimes 
dorso-mesial to both those apertures. The median longitudinal row is prolonged 
posteriorly on the trunk by a median dorsal row of enlarged scales, or so-called 
scutes, the longitudinal row of latero-sensory bones being prolonged pos- 
teriorly on the trunk by the modified scales of the lateral line, while the inner 
lateral and outer lateral rows of dorsocranials are similarly continued pos- 
teriorly on the trunk by the bands of scales that lie, respectively, dorsal and 
ventral to the lateral line; this being favourable to the view that the head was 
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primarily covered by scales similar to those on the trunk and that fusions, or 
marked growth of certain of these scales have given origin to the definitive 
cranial bones. This pattern of arrangement of the dermal bones on the dorsal 
surface of the head is particularly marked in the adult Polyodon, in embryos 
of Acipenser and in the fossil Dipnoi, this suggesting that Polyodon and 
Acipenser present, in this respect, primitive conditions. Dorsorostrals and 
ventrorostrals are well developed as separate and independent bones on the 
snouts of the latter two Fishes, but in the other Fishes considered these 
bones have more or less completely fused with each other to form anterior and 
posterior rostral plates. In certain of these Fishes the posterior inner lateral 
dorsorostrals persist as independent bones, in others they fuse either with the 
nasals alone, or with those bones and the preorbitals. 

A rostral bone or bones which enclose the ethmoidal cross-commissural ~ 
canal occur in the Crossopterygii, the fossil Chondrostei and the recent Holo- 
stei, but not in the Arthrodira, the Dipnoi or the recent Chondrostei. They 
frequently fuse completely with the dorsorostral plate. 

The frontal is primarily a membrane bone and is known to occur as such in 
early embryos of Acipenser and the adults of Polyodon, the fossil Dipnoi and 
the Coelacanthidae. In all of the other fishes considered excepting possibly 
certain of the Arthrodira, it fuses with one or more of the latero-sensory ossicles 
developed in relation to the supraorbital canal and may possibly fuse also with 
certain of the supraorbitals. 

The parietal is quite certainly a purely membrane bone in all fishes in 
which the supraorbital canal anastomoses by its hind end with the main-infra- 
orbital, for it seems improbable that latero-sensory ossicles developed in relation 
to the middle and posterior head lines of pit organs can have had any part 
in its formation. When, however, the supraorbital canal anastomoses with the 
main-infraorbital by a primary tubule or primary pore that lies anterior to its 
hind end, the latero-sensory ossicles developed in relation to the postanasto- 
mosis portion of the canal may fuse completely with the independently de- 
veloped membrane parietal to form the bone of the adult. When the supra- 
orbital canal does not anastomose with the main-infraorbital posterior to the 
orbit, the ossicles developed in relation to its hind end may fuse with the 
parietal or may not extend posteriorly beyond the frontal, or even, in certain 
of the Arthrodira, beyond the hind end of the nasal. The latero-sensory and 
membrane components of the parietal may remain wholly independent of 
each other, as in Dipterus, the membrane parietals of opposite sides there 
fusing with each other to form a median parietal, called by certain authors the 
dermo-supraoccipital. In Helicthys and Catopterus there are anterior and pos- 
terior parietals, the posterior one of which is called by Brough the dermo- 
supraoccipital, but it does not here fuse with its fellow of the opposite side. 

The bone currently called by authors the dermo-supraoccipital is either 
a posterior parietal (Helicthys, Catopterus), a bone formed by the fusion of two 
posterior parietals (Dipterus), by the fusion of two mesial extrascapulars 
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(Acipenser) or by what is apparently a nuchal plate (Coccosteus). In all of the 
recent Fishes and Amphibia an endosteal supraoccipital is said by Sagemehl 
to.occur only in the Teleostei, and in these Fishes there is said to be no dermo- 
supraoccipital. ; 

The dermopterotic is formed in all the Fishes considered excepting only 
Polyodon by the complete fusion of latero-sensory and membrane components, 
these components existing independently in Polyodon. 

The bone that I have called the dermosphenotic is markedly variable. In 
Polyodon its membrane and latero-sensory components are independent of 
each other but each fused with the anterior end of the corresponding com- 
ponent of the dermopterotic. In Amia and Polypterus and possibly also in 
Chondrosteus, the latero-sensory component has apparently wholly disappeared 
and the membrane component had fused with the bone that I have called the 
suprapostorbital. In all of the other fishes considered the two components have 
fused with each other, and the bone so formed may remain independent or 
may fuse either with the dermopterotic, the suprapostorbital, or the supra- 
orbito-suprapostorbital. 

Certain details in the pattern of arrangement of the roofing bones are 
peculiar to certain groups of the fishes considered, such as for example the 
fusion of the suprapostorbito-dermosphenotic with the frontal in the Coela- 
canthidae, but there is apparently nothing to indicate definitely lines of descent. 
Certain indications of apparent relationships are however given in the shape of 
the snout and the position and character of the nasal openings. 

What I have called, in the fossil Chondrostei and the non-Macropetalich- 
thyid Arthrodira, the antero-ventrally presented anterior end of the skull is 
evidently simply the ventral surface of a short, broad and bluntly rounded 
snout. In Pholidosteus, which is one of the non-Macropetalichthyid Arthro- 
dira, the large and single nasal opening of either side lies wholly on this surface, 
anterior to the descending anterior end of the supraorbital canal, and has 
apparently, as in the recent Elasmobranchii, not undergone complete sub- 
division into two. The snout of this fish, and hence probably that of all of the 
other non-Macropetalichthyid Arthrodira, is accordingly quite certainly, as 
also in the recent Elasmobranchii, of the trabeculo-cranial type, and this, 
together with the probable character of the nasal openings and their relations 
to the supraorbital canal, suggests a common line of descent for these two 
groups of Fishes. The snout of the fossil Chondrostei considered, with the 
exception of Saurichthys, resembles that of the non-Macropetalichthyid 
Arthrodira, but the primarily single nasal openings of opposite sides have here 
undergone subdivision into two and the anterior and larger one of the two is 
apparently shown lying on the ventral surface of the snout in certain of these 
Fishes, but on its dorsal surface in others. This would nevertheless seem to 
indicate some relationship of these two groups of fishes, as does also the fact 
that the supraorbital canal in both of them does not anastomose posteriorly 
with the main-infraorbital. In the fossil Crossopterygii the snout is ap- 
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parently of the viscero-trabeculo-cranial type, and if there are in these Fishes 
internal nasal apertures, as several authors have asserted, these apertures must 
represent the oral openings of naso-buccal canals, as they do in the Amphibia, 
this being in accord with Sive-Sdéderbergh’s (1934) conclusion that the 
Amphibia have descended from the Crossopterygii. Siive-Séderbergh however 
includes the Dipnoi in the same line of descent, which would seem improbable, 
for the internal nasal apertures of Ceratodus and hence probably those in the 
fossil Dipnoi are simply the oral ones of the two apertures resulting from the 
dichotomous subdivision of the two primarily single openings. 

The latero-sensory system of the recent Dipnoi has apparently undergone 
partial degeneration, as it does in the Amphibia (Escher, 1925) when they 
begin to live part of the time on land. 


EXPLANATION OF LETTERING 


Anterior median dorsorostral. 

Anterior nasal opening. 

Anterior parietal. 

Central frontal. 

Dermopterotic. 

Dermosphenotic. 

Dermosphenopterotic. 

Eye. 

Epiphysalium or epiphysial foramen. 

Extrascapular. 

Extrascapulo-suprascapular. 

Frontal. 

Lachrymal. 

Lachrymo-antorbital. 

Lateral extrascapular. 

Lateral frontal. 

Lateral parietal. 

Lateral rostral. 

Latero-sensory sphenotic. 

Median dorsorostral. 

Median extrascapular. 

Median frontal. 

Median parietal. 

Median parieto-extrascapular. 

Mesial extrascapular. 

Nasal. 

Nasal or preorbital bone. 

Nasalo-preorbital. 

Outer lateral dorsocranial. 

Os terminale. 

Parietal. 

Parieto-dermopterotic. 
pa.dsphpt.esc. Parieto-dermosphenopterotic-extrascapular. 
p.i.l.dr. Posterior inner lateral dorsorostral. 
p.mdr. Posterior median dorsorostral. 
Premaxillary. 

p.n.0. Posterior nasal opening. 
p.o.l.dr. Posterior outer lateral dorsorostral. 
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Posterior parietal. 

Preorbital process or bone. 
Prespiracular process or bone. 
Rostral. 

Rostralo-premaxillary. 
Rostralo-postrostral. 

Suborbital. 

Supraclavicular. 

Supraorbital. 
Supraorbito-suprapostorbital. 
Supraorbito-suprapostorbito-membranosphenotic. 
Suprapostorbital canal or bone. 
Suprapostorbito-dermosphenotic. 
Suprapostorbito-membranosphenotic. 
Suprascapular. 

Probably a preoperculum. 
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ANATOMICAL NOTE 
FLEXOR CARPI RADIALIS BREVIS VEL PROFUNDUS 


By ALICE CARLETON, M.A. (Oxon), M.B., N.U.I. 


Department of Human Anatomy, University of Oxford 


THE abnormal muscle here described was found in both forearms of a British male 
dissecting-room subject. On the right side the muscle arose by a flat, fleshy belly 
3} in. long from the front and lateral sides of the radius, distal to the origin of the 


Flexor Pollicis Longus. The spindle-shaped belly crossed 
and gave way to a tendon 2 in. long, which passed obliquely 
beneath the Flexor Carpi Radialis to its ulnar side. The 
tendon spread out slightly on the ligaments covering the 
front of the carpus and was inserted into the capitate and 
the bases of the third and fourth metacarpal bones. The 
nerve supply of the muscle was from the volar interosseous. 
On the left side, the muscle was similar but smaller, and 
its fine tendon lost itself in the anterior carpal ligaments 
near the base of the index, so that an exact attachment 
to a particular bone was impossible to determine. 

This muscle has been described under various names. 
Fano (2) was first in the field in 1851 with the title ‘‘ Radio- 
earpien.” Le Double(6) calls it the ‘‘Court Radial An- 
terieur.”” He found it in 7 out of 170 cases, and quotes 
Macalister as finding it in 7 out of 177 cases. Wood (10), 
who gave the muscle the name of Flexor Carpi Radialis 
Brevis vel Profundus, found it in 8 out of 106 cases. The 
origin of the muscle is from the lower third of the radius 
on its anterior surface or border. Accessory fibres may 
reach it from various sources, e.g. the Pronator Teres, the 
antebrachial aponeurosis, the Flexor Pollicis Longus, the 
interosseous membrane, the ulna or the humerus, thus 
sometimes transforming it into a bicapitate muscle. The 
insertion may be into any metacarpal base except the first 
or fifth, and any carpal bone on the more radial side, or 
its covering ligaments. The nerve supply is from the volar 
interosseous. 

Hourmouziades (4) observed a muscle almost precisely 
similar to the one here described, and Kater(5) describes 
two others with a similar origin, but the insertion in one 
case was into the common sheath of the flexor muscles, and 
in the other into the deep surface of the central portion of 
the palmar fascia. 

The Flexor Carpi Radialis proper rarely receives a 
supplementary origin in man. Le Double (6) found no varia- 
tion in the origin of the muscle in 105 cases examined. 
Hepburn(3), examining one gorilla, one chimpanzee, one 
orangutan, and one gibbon, found a radial head of the 
Flexor Carpi Radialis in all but the chimpanzee. The 
additional origin was from the oblique line of the radius, 
i.e. higher and on a more superficial plane than the muscle 


the pronator quadratus 


Fig. 1. Flexor Carpi Radialis 
Brevis vel Profundus. 


here described. Sonntag (8) says that the Flexor Carpi Radialis in chimpanzees arises 
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from the internal condyle of the humerus and “‘the greater part of the shaft of the 
radius,” which leaves one in some doubt as to its exact origin. 

The Flexor Carpi Radialis Brevis vel Profundus is, therefore, not a split off 
accessory head of the Flexor Carpi Radialis, since this muscle receives an accessory 
head from the radius in extremely rare cases, and when this head exists, it arises from 
the oblique line, superficial to the Flexor Sublimis Digitorum, corresponding to the 
radial origin in apes. Only once, by Calori(1), has an accessory origin of the longer 
flexor been described, corresponding in origin to this muscle abnormality. And in 
this case there was merely a fusion of the two insertions on the front of the carpus. 
What then is the significance of the muscle? Richard (7) regards it as the homologue 
of the Tibialis Posticus, and calls it the ‘Tibial postérieur de ’'avantbras.”” Wood 
foundin Monotremesa bicapitate Flexor Carpi Radialis,and regards the Flexor Brevis 
as a replica of the radial head. Testut(9) agrees with him, and describes the muscle 
as a reminiscence of a structure which has disappeared in Mammals. One is inclined 
to agree with Le Double (6), that in search of a regressive variation ‘‘C’est déscendre 
bien bas dans échelle animale’’—and to classify the muscle with him as a pro- 
gressive variation, the result of a more advanced division of the flexor-pronator mass. 
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REVIEWS 


A Synopsis of Regional Anatomy. By T. B. Jounston, M.B., Ch.B. 3rd ed. 
(London: J. and A. Churchill, Ltd.) 1934. Pp. xxm+460. 11 figs. 
Price 12s. 6d. 


The previous edition of this book was favourably, commented on in the Journal 
of Anatomy, vol. Lx111, p. 391, and its aim and style remain unaltered in this latest 
edition. There are three major changes which leave the book no thicker at the ex- 
pense of a larger page and distinct increase in weight. There is a new section on 
osteology, unillustrated, but meant to be read with bones in hand; references to parts 
of the skeleton palpable in the living are a noteworthy feature of this section. The 
account of the spinal cord and brain has been rearranged and partly rewritten, to its 
distinct improvement; this is the only section with illustrations, a set of useful 
sectional diagrams of the spinal cord and brain stem. Finally, the terminology 
recently approved by the Anatomical Society of Great Britain and Ireland has been 
adopted throughout, and a glossary of the principal alterations from or additions to 
the B.N.A. is given at the beginning of the book. Prof. Johnston himself played a 
leading part in bringing about this revision and is to be congratulated on the result. 
The new terms, as tested by reading through this book, in no case cause any sense of 
confusion and, with only one or two exceptions, do not arouse any undesirable sensa- 
tion of novelty; this is a tribute to the discretion with which the revision has been 
carried out. 

This smoothly written account of topographical anatomy, refreshingly different 
in style from the “‘ potted” type of cram book, can be recommended to any student 
who feels in need of a special book for revision purposes. 


A Manual of Practical Anatomy. Part 1. Upper and Lower Limbs. By THomas 
WaLmsLeEy. 2nd ed. (London: Longmans, Green and Co., Ltd.) 1934. 
Pp. viii +376, 117 figs., Pl. VIII. Price 12s. 6d. net. 


The demand for a second edition of this excellent guide to practical anatomy is 
not surprising ; indeed it constitutes an eloquent testimony to the intrinsic merits of | 
a work which has established for itself a permanent place in the esteem of the 
student to-day. 

Admirably conceived as to plan, and executed in a refreshingly lucid and attrac- 
tive style, this Manual maintains throughout a notably high standard of originality 
and excellence. Its introductory general anatomy provides the beginner with the 
necessary orientation in his studies; illustrations, all pertinent, are employed with 
discretion, whilst the practical directions insist upon co-education of the visual and 
tactile senses. 

The book is essentially ‘“‘alive,” inculcating a grasp and appreciation of normal 
living form and structure, and may be recommended to the student with confidence 
as a reliable and friendly guide during his anatomical apprenticeship. If he obey its 
precepts he will enter the clinical field well equipped for the application of anatomical 
knowledge in the diagnosis and treatment of disease. 
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296 Reviews 

Illustrations of Regional Anatomy. By E. B. Jamieson, M.D. In five sections, 
Sect. 1, Central Nervous System, 48 plates, price 7s. net; Sect. 11, Head and 
Neck, 61 plates, price 10s. net; Sect. 111, Abdomen, 37 plates, price 5s. 6d, 
net; Sect. rv, Pelvis, 80 plates, price 3s. 6d. net; Sect. v, Thorax, 27 plates, _ 
price 4s. net. Price of complete set 30s. net, 203 plates. (Edinburgh: 
EK. and S. Livingstone.) 1934. 


In these attractively published booklets, Dr Jamieson brings together a series 
of drawings and schematic diagrams which he has found useful in the course of his 
lectures on Regional Anatomy. Many of the diagrams are printed in strongly con- 
trasting colours and the paper surface has been chosen so that students may colour 
sections to suit their individual tastes. 

In booklet form the drawings lose much of the value they have when built up 
in the course of a lecture. On the other hand they are very completely labelled and 
the absence of explanatory text is an advantage. 

It appears that the work is not intended for reference purposes since no index 
is provided, but for those who wish to illustrate their own lecture notes with accurate 
diagrams these loose-leaf booklets will be extremely helpful. 
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